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616.94-022.7 (Staphylococcus) 


STAPHYLOCOCCAL SEPTICAEMIA AND PYAEMIA! 


By D. R. HAY 
(From Christchurch Hospital, New Zealand) 


With Plate 27 


TuHE object of this communication is to report a study of staphylococcal 
septicaemia and pyaemia based on patients treated in the Christchurch Hospital 
during 1957 and 1958. Interest in this problem was stimulated by an apparent 
increase in the number of severe staphylococcal infections, and by the fact that 
the diagnosis was often unsuspected or delayed. The incidence of staphylococcal 
septicaemia may be assessed from Table I, which records the number of blood 
cultures performed during the years 147-58, together with the number of 
patients in whom positive cultures were obtained. 


TaBLeE I 


Blood Cultures at Christchurch Hospital, 1947-58 
Number of patients with positive cultures 

Total number at 
Year of cultures Staph. aureus Streptococci Typhoid Others 

1947 7 

1948 13 

1949 + 

1950 5 

1951 6 

1952 7 

1953 2 

3 

2 

31 

28 


1954 
1955 
1956 
1957 
1958 


Totals 


The Table shows that although the number of cultures performed in 1957 and 
1958 has doubled the mean for previous years, possibly because of greater 
interest in the problem, the number of positive cultures found has increased 
greatly beyond this proportion. Thus the total number of positive staphylococcal 
cultures for 1957 and 1958 exceeds the total for the preceding 10 years. Pre- 
viously the incidence of streptococcal septicaemia closely paralleled that due to 
staphylococci, but today the staphylococcus is by far the most common cause of 
septicaemia in this hospital. The figures for 1959 are not included in this study, 
1 Received June 8, 1959. 
Quarterly Journal of Medicine, New Series XXIX, No. 115, July 1960. Y 
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but confirm the increasing incidence of staphylococcal septicaemia. The com- 
mon clinical syndromes caused by staphylococcal infections are reviewed below, 
and the significance of certain signs and symptoms discussed. 


Methods 


All patients in whom a positive blood culture for Staph. aureus has been 
obtained during the years 1957 and 1958 were studied. The majority were ex- 
amined personally. In 14 cases the diagnosis of staphylococcal pyaemia was 
made on the necropsy findings only, based on the presence of metastatic pyaemic 
abscesses from which staphylococci were cultured. Blood cultures were made 
into tryptose phosphate and thioglycollate broths after cleansing the skin with 
a 1 per cent. solution of cetrimide B.P., and incubated at 37° C for at least 
14 days. The cultures were inspected de’ \, and sub-cultures made on blood 
agar plates as indicated. Sensitivities wer ietermined by the use of antibiotio 
disks, using a control streak of the Oxford staphylococcus. 


TaBLE II 
Staphylococcal Septicaemia: Mortality and Age Distribution 

Age (years) Number of patients Deaths Mortality % 

0-1 ° ° 87 

2-10 9 
11-20 33 
21-30 
31-40 
41-50 
51-60 
61-70 
71-80 
81 and over 


Total 


w 
a 


Results 


In the two-year period 71 patients, 40 male and 31 female, had staphylococcal 
septicaemia or pyaemia. Thirty-six, or 50 per cent., died, and necropsies were 
performed in 34 cases. Fifty-seven cases were diagnosed as the result of a 
positive blood culture, and 14 on the post-mortem findings. The age incidence 
and mortality is shown in Table II. The mortality was highest in the first year of 
life and after the age of 60 years ; the lower mortality in adolescence was due to 
the higher incidence of osteomyelitis. The number of patients decreased after 
the age of 20 years, but was high in the older age groups. 

The 71 patients may be classified and discussed under the following headings: 

1. Post-operative staphylococcal septicaemia. 

2. Staphylococcal septicaemia associated with osteomyelitis. 

3. Staphylococcal septicaemia associated with infections of the head and 

neck. 
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4. Staphylococcal pyaemia associated with umbilical infection, 
5. Staphylococcal endocarditis. 
6. A miscellaneous group, which will not be discussed separately. 

The cerebral, cardiac, and pulmonary manifestations of staphylococcal 
septicaemia will be considered, with a brief section on the influence of diabetes 
mellitus. 


1. Post-operative Staphylococcal Septicaemia 


Twenty patients, 15 male and five female, developed staphylococcal septi- 
caemia or pyaemia after operation. Their mean age was 58 years, six cases 
occurring before the age of 50, one between 50 and 60, five between 61 and 70, 
and eight between 71 and 80 years of age. The operations preceding the infection 
are summarized in Table III. Among the patients with post-operative septic- 
aemia were four diabetics, one of whom also had lymphatic leukaemia, three 
with malignant disease, and four with staphylococcal pyelonephritis. 


Taste III 


Operations Complicated by Staphylococcal Septicaemia 
Number of cases 


Cholecystectomy 
Perforated ulcer ; gastrectomy 
Colectomy 
Splenectomy . 

Partial nephrectomy . 


Abdominal 


Retropubic prostatectomy . 
Genito-urinary{ Transurethral resection 
Johansen operation for stricture . 
Dorsal slit and cystotomy . . 
Gynaecological Dilatation and curettage for r septic abortion . 
Cardiac Mitral valvotomy 
Throat Laryngectomy . ° ° 
Insertion of Steinman pin for fractured femur. ° 1 
Orthopaedic {insertion of McLaughlin for 1 
Below-knee amputation 1 


IV 


Causes of Post-operative Staphylococcal Septicaemia 
Number of cases 


Infected drip site . 
Wound infection . 

Several factors, e.g. drip and wound infection 


Clinical features. Apart from general weakness, malaise, and fever, the patients 
seldom had specific complaints, and were often confused and drowsy. The most 
consistent physical signs were fever, in the majority of cases with peaks of 
101° F or more for at least a week ; tachycardia ; and scattered rales in the chest 
without clinical evidence of consolidation. In every case there was a demon- 


316 D. R. HAY 


strable site of staphylococcal infection, an infected drip-site being concerned in 
eight of the 20 patients. The various sources of infection are listed in Table IV. 
Other clinical features which were significant were shock with a sudden fall of 
blood-pressure and sweating, disorders of consciousness without any localizing 
signs in the nervous system, and petechial haemorrhages. The clinical signs are 
listed in Table V. Splenomegaly was not once noted during life. 

White-cell count. In the 11 patients on whom a count was done near the time 
of the positive blood culture, the mean number of white blood-cells was 20,700 
per cu. mm. The range was 10,000 to 26,000 per cu. mm., a normal count being 
exceptional in the presence of septicaemia. In 10 patients the haemoglobin was 
below 11-0 g. per 100 ml., and many required transfusion. Anaemia developed 
rapidly if staphylococcal infection was prolonged. 


TaBLE V 
Clinical Signs of Post-operative Staphylococcal Septicaemia in 20 Patients 
Number of cases 


Demonstrable staphylococcal infection . 20 
Pyrexia over 101° F for one week or more ° 13 
Pyrexia over 101° F for less than one week 
Pyrexia less than 101° F 

Tachycardia 

Pulmonary signs . 

Sweating 

Confusion and drowsiness 

Joint or metastatic bone lesions 

Shock . . 

Cardiac arrhythmias 

Rigors 

Petechiae or rashes 


Bacteriology. In 14 patients a positive blood culture was obtained. The mean 
time before the report was available was 9-5 days. The organisms were in one 
patient sensitive to penicillin, in three to streptomycin, and in 10 to chloro- 
mycetin and erythromycin. Six cases were diagnosed at necropsy ; the staphy- 
lococci which had been cultured during life from these patients were sensitive 
only to chloromycetin and erythromycin, and to streptomycin also in one 
instance. In six patients extensive courses of penicillin and broad-spectrum 
antibiotics had been given before the apparent onset of the staphylococcal 
septicaemia, but the significance of this factor is debatable. 

Delay in diagnosis. The majority of these patients were in hospital for long 
periods (mean 63 days), and often there was a history of several post-operative 
complications. In five cases staphylococcal septicaemia was confirmed by blood 
culture only 48 hours before death, and in five others the diagnosis was made 
post mortem. There is no doubt that in most of these patients earlier blood 
cultures would have allowed earlier diagnosis and time for more effective treat- 
ment. 

Treatment and mortality. Fifteen of the 20 patients died, a mortality of 75 
per cent. Only five of the 15 who died had had a course of any single antibiotic 
lasting more than a week, and this was often an ineffective drug. One patient 
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(Case 9), with a penicillin-sensitive organism, was treated with penicillin and 
chloromycetin for several days, but died ; he had been operated on for cancer of 
the stomach. Two of the recoveries were in patients who had had a mitral 
valvotomy and an infected abortion respectively ; the positive blood culture was 
an unexpected finding, although both had definite foci of infection. The three 
other patients who recovered had had genito-urinary operations: one was 
treated with penicillin and streptomycin for 23 days, despite resistant organisms ; 
another responded to a seven-day course of chloromycetin; and the third 
recovered after 20 g. of chloromycetin and 4 g. of erythromycin had been given. 


2. Septicaemia associated with Osteomyelitis 

Sixteen patients suffered from osteomyelitis, and two died. Male patients 
predominated (12 cases), and the mean age was 19 years (range 17 months to 
76 years). 

The site of infection was in the femur (eight cases), the clavicle (two cases), 
humerus (two cases), ilium (two cases), thoracic spine (one case), and multiple 
in one case. A history of significant trauma was recorded in four adolescent 
patients. 

Bacteriology. A blood culture was usually ordered on admission, and a 
positive report was available in an average of five days. In nine cases the 
staphylococcus was penicillin-sensitive, and in one case was reported resistant 
eight days later, the only proven example in the series of a change of sensitivity. 
In two of the remainder the organisms were streptomycin-sensitive, and in the 
others sensitive to chloromycetin and erythromycin only. Thus 50 per cent. of 
cases of osteomyelitis were caused by penicillin-sensitive staphylococci, con- 
firming a clinical impression of many orthopaedic surgeons. 

Treatment and mortality. Two patients died, and the remainder recovered. 
One of the deaths occurred in a boy of 11 years, with a fulminating pyaemia 
arising from a localized area of osteomyelitis in the neck of the femur. A peni- 
cillin-insensitive staphylococcus was grown from the blood within 24 hours, and 
pyaemic lung lesions were demonstrated on admission. The white-cell count 
was conspicuously low, 5,000 per cu. mm., compared with the mean of 18,500 per 
cu. mm. for all cases of osteomyelitis. The second death occurred in a man of 76, 
in whom the diagnosis was missed until 48 days after admission. He had a per- 
sistent fever, leucocytosis, and backache, but, although the organisms were 
penicillin-sensitive, he failed to respond to a short course of this drug. Necropsy 
showed osteomyelitis of the eleventh thoracic vertebral spine. In the remaining 
patients penicillin, in a dose of 2,000,000 units a day, combined with 1 g. of 
erythromycin daily, was given for one month. Frequently chloromycetin or 
novobiocin was used in patients whose disease was caused by penicillin-resistant 
organisms. It is impossible to assess the value of any one of these drugs. 

Complications. Pyaemic complications occurred in seven patients; six had 
pulmonary lesions, and one cardiac lesions also. One patient (Case 31) was 
admitted with swelling and a rash over the right shoulder, together with signs in 
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the left lower lobe. Shortly afterwards a right spontaneous pneumothorax 
occurred ; two days later the same complication occurred on the left side, and 
for some weeks the patient had a grave illness, which slowly settled with ery- 
thromycin and prolonged chloromycetin treatment. It was not until he had left 
hospital that he complained again of pain in the shoulder, and an X-ray revealed 
a pathological fracture of the right clavicle. In Case 32 septicaemia occurred as 
the result of curettage of a chronic osteomyelitic sinus. Within a few days the 
patient suddenly developed shock, a paroxysmal atrioventricular nodal tachy- 
cardia, rales in both lungs, and radiological evidence of pyaemic infarcts, which 
slowly responded to a prolonged course of novobiocin and erythromycin. 


3. Septicaemia associated with Staphylococcal Infections of the Head and Neck 


In 10 patients, eight female and two male, septicaemia accompanied severe 
infection of the head or neck. Nine were under 30 years of age, and four died. 
It was occasionally difficult to determine the exact source of infection. A boy of 
16 years (Case 56) had a 48-hour history of pain over the left eye and convulsions, 
and showed signs of coma and orbital oedema. At operation the frontal sinus 
was clear, and there was only a little turbid fluid beneath the periosteum of the 
frontal bone, which was presumably the site of osteomyelitis. This boy was 
semi-comatose for several days, with minor signs in the pyramidal tract and 
oculomotor weakness, but subsequently made an excellent recovery from what 
was probably a cortical or cavernous sinus thrombophlebitis. As in nine of the 
10 cases in this group, he developed pyaemic lung abscesses soon after admis- 
sion, but almost complete resolution of these abscesses occurred after six weeks. 
The radiological changes are illustrated in Plate 23, Figs. 1 to 3. 


VI 


Sites of Infection in Staphylococcal Disease of the Head and Neck 
Number of cases 

Boils or carbuncles of face . ‘ ‘ 

Osteomyelitis of the frontal bones or orbital cellulitis 

Parotitis . ° 

Otitis media. 

Cervical abscess 


Clinical features. The diagnosis of severe staphylococcal infection in these 
patients was usually obvious when there was a large boil, but less so when the 
presenting signs were fever and orbital oedema. One girl of 18 years (Case 46) 
gave rise to diagnostic difficulty : she had a seven-day history of frontal headache, 
malaise, aches and pains in the neck, and diplopia due to bilateral sixth-nerve 
palsy. There were signs of meningeal irritation, a temperature of 105° F, 
nystagmus, and inability to elevate the eyes. The spinal fluid contained 950 
white cells (90 per cent. polymorphs) and 10 red cells per cu. mm., protein 40 mg. 
and sugar 71 mg. per 100 ml., and no organisms on culture ; the white blood-cell 
count was 15,000 per cu. mm. She later became more drowsy, had focal fits, and 
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developed a deep cervical abscess, which did not require drainage. Her tempera- 

ture remained high for over 10 days; there was pulmonary consolidation, and 

eventually a penicillin-insensitive staphylococcus was grown from the blood, 

and treatment with chloromycetin, and later erythromycin and novobiocin, was 

instituted. She slowly made a complete recovery, but the exact origin of in- 

fection remains obscure. She almost certainly had metastatic cerebral abscesses 
in the brain-stem and cortex. 


The mean white-cell count for this group was 15,800 per cu. mm., with a range 


from 6,000 to 28,000 per cu. mm. The important symptoms and signs are shown 
in Table VII. 


Tasie VII 


Clinical Features of Staphylococcal Septicaemia associated with Infections of the 
Head and Neck in 10 Patients 


Fever over 103° F 

Facial swelling . 

Chest signs 

Local pus with obvious staphylococcal infection 
Central nervous signs . 

Severe headaches 
Abnormal! cerebrospinal fluid 
History longer than one week 
History less than 48 hours . 
History 48 hours to one week 
Confusion or restlessness 
Coma or semi-coma . 

Rigors 

Splenomegaly 

Convulsions 


Bacteriology. Only one blood culture showed a penicillin-sensitive staphy- 
lococcus ; in the remainder the organisms were sensitive to chloromycetin and 
erythromycin, and in five cases also to streptomycin. The four deaths occurred 
in patients who had penicillin-insensitive staphylococci; two died within 24 
hours, one on the third day, and one in seven days. At post-mortem examina- 
tion three had pyaemic lung lesions, three had cavernous sinus thrombosis or 
thrombophlebitis, and one had suppurative phlebitis of the external jugular vein. 


4. Staphylococcal Pyaemia associated with Umbilical Infection 

Pyaemia secondary to staphylococcal infection of the umbilicus occurred in 
four infants, all of whom died. — 

Presentation. The ages of the infants on admission to hospital were nine days, 
15 days, 21 days, and 23 days. There was usually a brief story of fever, failure 
to thrive, and abdominal distension, and all were seriously ill on admission. The 
duration of these symptoms ranged from three to 14 days. The diagnosis on 
admission was staphylococcal peritonitis in two cases, multiple osteomyelitis in 
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one, and bronchopneumonia in one case. The physical signs are listed in Table 
VIII. 

Clinical course. Two of the infants died within 24 hours, of peritonitis and 
pyopneumothorax respectively. One developed a huge liver, with jaundice, 
and thrombosis of the inferior vena cava, and died of liver failure in five days. 
The fourth child lingered for 12 days, developing metastatic subcutaneous 
abscesses and bone lesions, and died of a pyopneumothorax. 

Bacteriology. No blood cultures were available, but in all cases a penicillin- 
resistant staphylococcus was grown from post-mortem swabs of the umbilical 
vein, liver, and other organs. In the single case in which umbilical infection was 
obvious the pus grew a staphylococcus which was resistant to penicillin, but 
sensitive to streptomycin, chloromycetin, and erythromycin. 


VIII 
Physical Signs in Four Patients with Umbilical Infection 
Number of cases 

Absent bowel sounds 

Abdominal distension 

Chest signs ; ‘ 

Staphylococcal skin lesions 

Enlarged liver 

Fever over 103° F . 

Fever under 103° F 

Obvious umbilical infection 

Enlarged spleen 

Jaundice 


Oedema of the legs 


The white-cell count, in the two cases in which it was performed, was 6,000 per 
cu. mm. (30 per cent. polymorphs) and 4,000 per cu. mm. (44 per cent. poly- 
morphs). 

Necropsy findings. In three cases there was confirmation of suppurative 
thrombophlebitis of the umbilical venous system, with numerous liver abscesses. 
Three showed a generalized, and one a more localized, peritonitis. Metastatic 
pulmonary abscesses were present in three infants, and pericarditis also in one. 


5. Staphylococcal Endocarditis 


In six patients staphylococcal endocarditis was the primary cause of septi- 
caemia, and in one other it occurred in the terminal stages of a post-operative 
pyaemia. All these patients died, four within 24 hours of admission. The age 
incidence ranged from 12 to 82 years, with a mean of 47 years. 

Clinical features. Apart from the patient who had had a partial nephrectomy 
for pyelonephritis, there was no known precipitating cause for the staphylo- 
coccal infection. One boy was known to have congenital heart disease, and 
another patient to have rheumatic valvular disease. In three patients the di- 
agnosis was made in life; in the others the diagnosis on admission ranged from 
meningitis and cerebral thrombosis to bronchopneumonia. An analysis of the 
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history and physical signs shows that in most cases the history covered less than 
one week ; all the patients had malaise and constitutional symptoms, with con- 
spicuous sweating ; the temperature was over 103° F in six of the seven patients ; 
three were in coma or semi-coma, and had abnormal spinal fluid; four had 
petechial haemorrhages, but the spleen was palpable in only one boy. Systolic 
murmurs were heard in four cases, and diastolic murmurs in two; atrial fibrilla- 
tion was present in three, and chest signs in three. An obvious site of staphylo- 
coccal infection was present in only two patients. 

Bacteriology. Blood cultures in three patients revealed only one penicillin- 
sensitive staphylococcus; in the other two the organisms were sensitive to 
streptomycin, chloromycetin, and erythromycin. Post-mortem cultures in all 
the remaining cases revealed penicillin-insensitive organisms. 

Treatment. In two patients the condition was not recognized or treated. Two 
patients were given chloramphenicol (and penicillin in one case), and died in 
24 hours and four days respectively ; one was given penicillin and sulphonamides, 
and died in 24 hours. One patient was given short courses of antibiotics for a 
protracted post-operative septicaemia. The drugs included penicillin, erythro- 
mycin, streptomycin, chloramphenicol, and novobiocin, but no course lasted 
more than 10 days. One patient with penicillin-sensitive staphylococci was given 
penicillin (8,000,000 units per day ) and streptomycin (1 g. per day) for 20 days, 
followed by erythromycin (800 mg. per day) for 38 days, and recovered from his 
infection. He developed heart failure, however, and died 12 days after discharge. 

White-cell count. The mean wihite-cell count in six patients was 8,750 per 
cu. mm., with a range from 2,000 to 20,000 per cu. mm. Two patients were 
anaemic on admission. 

Necropsy findings. Three patients showed acute mitral valve endocarditis, 
one on the basis of an old rheumatic lesion. In two of these patients there were 
embolic cerebral abscesses, both suspected clinically ; in the third there was a 
large haemorrhagic cerebral infarct, which had caused a hemiplegia in life. Two 
patients had aortic endocarditis, one on the basis of a bicuspid aortic valve, and 
the second, an 82-year-old patient, on an atherosclerotic valve. The tricuspid 
valve was involved in one case, and the pulmonary valve in a case of corrected 
transposition of the great vessels. In the latter there were vegetations on two 
cusps, which were partly torn away from the wall of the artery. A small 
aneurysm, 2 cm. in diameter, was present in the posterolateral wall of the pul- 
monary artery immediately proximal to the detached valve cusps. 


Other Cardiac Manifestations of Staphylococcal Septicaemia and Pyaemia 

Myocardial lesions. There were 10 examples of myocardial abscesses found 
post mortem, all associated with pyaemic lesions in the lungs, kidney, and else- 
where. The 10 patients were all seriously ill but, apart from the fact that two 
had persistent hypotension for several days, no specific cardiac signs can be 
attributed to them. Four had bacterial endocarditis, and two pericarditis. One 
boy (Case 28), with severe osteomyelitis and pyaemia, developed congestive 
heart failure which was attributed to myocarditis. He had a large heart, a high 


‘ 


322 D. R. HAY 


venous pressure, and a third heart sound, but no evidence of pericarditis or 
effusion. His electrocardiogram showed ST and T changes consistent with 
myocarditis, and he subsequently recovered completely. 

Pericarditis. Five patients at autopsy .nowed signs of pericarditis, which in 
two was recognized in life by a friction. There was usually a moderate amount 
of turbid fluid from which staphylococci could be grown on culture. One patient 
presented pericarditis with effusion, and a penicillin-sensitive staphylococcus 
was grown from a blood culture taken six days after her admission. This patient 
was never treated with antibiotics, but her fever responded to a short course of 
corticotrophin, and she slowly made a complete recovery. Pericardial and 
pleural fluids were sterile, and no other features of staphylococcal infection were 
present. The precise aetiological diagnosis in this patient remains obscure. 

Miscellaneous. One patient, who had chronic staphylococcal septicaemia due 
to osteomyelitis of the thoracic spine, had an unusual lesion in the aorta and left 
main pulmonary artery. Just beyond the curve of the aortic arch, at a level 
below that of the left subclavian artery and opposite to it, there was an opening 
1 cm. in diameter, with a fatty nodular plaque on its proximal side. The opening 
led into a cavity 2 to 3 cm. in diameter, lying between the aortic arch and the 
pulmonary artery, and partly filled by laminated clot. In the left main branch 
of the pulmonary artery, at the site of the obliterated ductus, there was a poly- 
poid vegetation with a soft tip and firm base, directed in the way of blood-flow. 
The wall of the vegetation showed a defect, leading into the cavity, which was 
lined by granulation tissue showing areas of organization and heavy polymorph 
infiltration. No colonies of bacteria were seen. This unusual lesion produced no 
physical signs; the patient also had a staphylococcal pericarditis. 


Staphylococcal Septicaemia associated with Diabetes 


Ten of the 71 patients in the series (14 per cent.) suffered also from diabetes 
mellitus. Their mean age was 62 years, with a range from 36 to 76 years, and 
seven were men. Six patients died; the mortality in this group, therefore, was 
only slightly higher than in the whole series. In three patients the diagnosis of 
diabetes was not made before the development of septicaemia; two of these 
patients had a moderately severe ketosis. In the remainder the duration of 
diabetes was variable, and the insulin dosage ranged from 30 to 50 units, with 
adequate control. All 10 patients required moderately high dosages of soluble 
insulin during the septicaemia, but it is of interest that the two who were ketotic 
on admission were both receiving tolbutamide, with good control, when they 
were discharged. The underlying cause of the septicaemia was usually obvious: 
carbuncles, bed-sores, pyelonephritis, and infected ulcers of the feet were the 
most common. One patient (Case 58) had an unusual history. He first suffered 
a myocardial infarction, and was treated with phenylindanedione. A severe 
sensitivity reaction with jaundice followed, and he was given prednisone, which 
controlled it. This, however, led to the development of severe diabetes, with 
ketosis and considerable hypotension. The latter condition required treatment 


oe 
q 
. 
> 

| 
1 
| 


STAPHYLOCOCCAL SEPTICAEMIA AND PYAEMIA 323 


with noradrenaline, and a slough along the course of the internal saphenous vein 
was the next complication. The slough became infected by staphylococci, and 
a staphylococcal septicaemia was the end-result. Fortunately the patient re- 
sponded to prolonged treatment with erythromycin and novobiocin, and sur- 
vived his many assaults. By the time of his discharge the diabetes was con- 
trolled by diet alone. 

With one exception, all the patients who died were infected with penicillin- 
resistant organisms, and had in addition serious organic diseases, such as leuk- 
aemia, ulcerative colitis, or myocardial infarction. Case 41, however, is an 
example of a patient whose staphylococci were penicillin-sensitive, but who 
never received adequate prolonged treatment. She was a mildly diabetic woman 
of 62 years, who had a suppurative arthritis of the shoulder and a urinary in- 
fection. Penicillin, 1,000,000 units twice daily, was given for seven days; her 
temperature fell only slightly, but improvement was observed in the urine. Pus 
was aspirated from the shoulder, and was reported to grow a penicillin-sensitive 
Staph. albus. The fever never settled, and the patient felt unwell and lost 
weight; a blood culture taken one month after admission grew Staph. aureus. 
Penicillin was again given in the same dosage together with streptomycin (1 g. 
twice daily), but was stopped after four days because of a rash. The fever con- 
tinued, haematuria developed, and the patient died suddenly in coma, two 
months after admission. Necropsy showed a pyaemic infarct in the lung, sup- 
purative arthritis in the shoulder due to a penicillin-sensitive Staph. aureus, 
and small areas of recent pituitary necrosis. 


Cerebral Manifestations of Staphylococcal Pyaemia 


Twelve (nine female) patients showed involvement of the central nervous 
system during life or at necropsy. Eight of these patients died. The diseases 
giving rise to neurological complications were: infection of the face, sinuses, and 
orbit (seven cases) ; staphylococcal endocarditis (four cases) ; and umbilical vein 
infection (one case). 


Clinical features. 1. Cases associated with endocarditis. 


Case 49. The patient had a hemiplegia of moderately sudden onset, preceded 
by two days of ill health. Examination showed semi-coma, fever of 103° rising 
to 105° F, atrial fibrillation, and right hemiplegia. At autopsy there was a 
haemorrhagic septic infarct in the left hemisphere and mitral endocarditis. 


Case 34 was that of a toxic, confused patient with mitral stenosis and endo- 
carditis. She complained of headache, and after 24 hours became unconscious, 
with deviation of the eyes to the right. The spinal fluid was faintly blood- 
stained, under normal pressure, and contained 300 white cells (90 per cent. 
polymorphs) and 700 red cells per cu. mm., protein 80 mg. and sugar 140 mg. 
per 100 ml. At necropsy there was a large abscess in the right frontal lobe, and a 
recent haemorrhage of the whole of the right temporal lobe. 
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Case 65. The patient had a fever of 104° F, with meningeal symptoms and 
signs and a left hemiplegia. The spinal fluid contained 740 white cells (80 per cent. 
polymorphs) and 400 red cells per cu. mm., protein 110 mg. and sugar 83 mg. 
per 100 ml. He died in coma after three days. Necropsy showed meningeal 
congestion and a recent haemorrhagic infarct of the right cerebral hemisphere, 
together with mitral endocarditis. 


Case 70 presented meningeal signs and symptoms, a temperature of 104° F, no 
localizing signs in the central nervous system, delirium, and hypotension. The 
spinal fluid contained 10 polymorphs, 5 lymphocytes, and 20 red cells per 
cu. mm., protein 80 mg. and sugar 80 mg. per 100 ml.; no growth of organisms 
was obtained. At necropsy there were microscopic metastatic abscesses from 
aortic endocarditis. 


2. Staphylococcal meningitis. 


Case 39 was a true staphylococcal meningitis. The patient, a girl of eight 
years, had a two weeks’ history of headache, photophobia, and fever, with ataxia 
and hemiplegia in the 48 hours preceding her admission. On examination there 
were marked signs of meningeal irritation, a right hemiplegia, and a few petechial 
haemorrhages. Later nasal discharge became obvious, and bilateral orbital 
swelling and chemosis occurred, with blurring of both disks. She died in coma 
seven days after admission, without response to penicillin or chloramphenicol. 
The spinal fluid was turbid, and contained 5,600 leucocytes and 140 red cells per 
cu. mm., and protein 200 mg. and sugar 15 mg. per 100 ml. A second specimen 
grew a penicillin-resistant staphylococcus. Autopsy showed an extensive puru- 
lent meningitis, thrombosis of the superior longitudinal and cavernous sinuses, 
and septic thrombosis of the left middle cerebral artery, with infarction of the 
basal ganglia. The original infection arose from the sphenoidal sinus. 


3. Thrombophlebitis of the venous sinuses. Five patients were presumed to have 
cortical or cavernous sinus thrombophlebitis, which in three cases was confirmed 
at necropsy. These patients were all seriously ill, with high fever, dehydration, 
coma or semi-coma, and occasionally convulsions. There was usually gross orbital 
oedema, which limited examination of the eyes, and signs of meningeal irrita- 
tion. The cerebrospinal-fluid pressure was usually slightly raised, and the fluid 
contained an excess of polymorphs and red cells, and a high concentration of 
protein. The patients who recovered showed residual oculomotor weakness and, 
in one case, ataxia of moderate degree. 


4. Cerebral abscess was associated usually with bacterial endocarditis, but one 
further case is instructive. 


Case 40. A woman, aged 28, was admitted with cellulitis of the face, which 
had followed a boil. She developed pyaemic lung abscesses, but appeared to 
improve with penicillin and erythromycin, and was discharged after a month. 
For the last three weeks of her stay she had complained of headaches, but no 
action was taken. She was readmitted after a week at home, with high fever, 
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intense headache and vomiting, and signs of meningeal irritation. There was no 
papilloedema, and no localizing signs in the central nervous system. The spinal 
fluid showed 255 white cells (68 per cent. polymorphs) per cu. mm., no red cells, 
sugar 40 mg. and protein 125 mg. per 100 ml. She was considered to have 
pyaemic cerebral abscesses, and recovered completely with prolonged erythro- 
mycin and novobiocin treatment. . 

Cerebrospinal fluid. The findings in the cases in which neurological abnor- 
malities were present are summarized in Table IX. 


Pulmonary Manifestations of Staphylococcal Pyaemia 


Pulmonary complications were frequent, and it is therefore proposed to 
discuss them fully in a separate communication (Hay, 1960). Thirty-one of the 
71 patients showed pulmonary consolidation, and 18 of these 31 died. The 
lesions were septic infarctions, and therefore appeared radiologically as discrete 
circular or triangular opacities, ranging from 1 cm. to 3 cm. in diameter, and 
situated in any part of the lung, usually at the periphery. In 17 cases the con- 
solidation was bilateral, and eight of these went on to develop cavitation, as 
shown in Figs. 1 to 3 (Plate 27). Subsequently these ‘ring shadows’ usually 
disappeared, presumably as the cavity or pneumatocele closed and was re- 
placed by fibrous tissue. In three cases spontaneous pneumothoraces occurred, 
and in 10 pleural fluid was demonstrated. Physical signs of pulmonary involve- 
ment were present in 21 cases, and consisted of increase in the respiratory rate 
or alteration in the character of breathing, occasional scattered rales in one or 


both lungs, and in a few cases pleural friction. Cough with sputum was un- 
common, and staphylococci were grown from the sputum of only nine patients. 


Bacteriology 

Antibiotic sensitivity. Nineteen of the 57 patients with positive blood cultures, 
and one of the 14 diagnosed post mortem, were infected by penicillin-sensitive 
staphylococci. Seven of these patients, or 35 per cent., died. Fifty-one patients, 
or 72 per cent. of the series, were infected by penicillin-resistant organisms, and 
29 of them, or 57 per cent., died. The staphylococci in this group were all 
sensitive to chloromycetin and erythromycin, and 17 strains were sensitive to 
streptomycin also. The majority of infections, therefore, were caused by 
penicillin-resistant organisms, and the mortality in this group was significantly 
higher. 

Infection acquired in hospital. In 27 patients staphylococcal infection was 
presumed to have been acquired in hospital, and in all except two the organisms 
were penicillin-resistant. Post-operative and umbilical infection comprised the 
majority of these cases. The remaining 44 patients acquired their infection out- 
side the hospital. 

Phage-types of staphylococci. Phage-typing was not done as a routine in the 
present study, but this information is available in five cases. In these cases it 
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was shown that the phage type 80/81 was responsible for the infections in all 
instances except one. 


Di 


Successful treatment of staphylococcal septicaemia depends on early diagnosis. 
In surgical patients this condition must be considered in any unexplained post- 
operative collapse, tachycardia, or fever. Whenever a site of staphylococcal 
infection is present, more serious complications are possible, and should be 
excluded. Urgent blood cultures are of more diagnostic value in such patients 
than white blood-cell counts, for it is possible with a co-operative bacteriology 
department to have a positive report within 12 to 24 hours. Urological pro- 
cedures appear to be particularly hazardous when performed in the presence of 
staphylococcal or other urinary infection, a fact which has recently been con- 
firmed by Slade (1958); an attempt should be made to eliminate the staphy- 
lococcal infection before operation, and the antibiotics should be continued for 
a period after it. The incidence of osteomyelitis has increased in recent years, 
and it is likely that more cases will be caused by penicillin-resistant organisms. 
Blood cultures are desirable in all patients to guide therapy, which should be pro- 
longed. Pyaemic lung lesions are common, and are usually accompanied by 
physical signs ; repeated chest X-rays are, however, often needed to confirm the 
diagnosis. The diagnostic value of an early chest radiograph in suspected staphy- 
lococcal pyaemia was established in many cases during the present study. This 
is contrary to the experience of Schirger, Martin, and Nichols (1957), who found 
only three examples of pulmonary lesions in 109 antibiotic-treated patients with 
staphylococcal bacteriaemia. Staphylococcal pyaemia associated with facial 
infection often caused serious pulmonary and neurological complications. 
Thrombophlebitis of the intracranial venous sinuses was common in this group, 
and should be suspected when a child or young adult with facial infection shows 
severe orbital oedema, signs of meningeal irritation, fits or disturbances of con- 
sciousness, and a raised leucocyte count in the cerebrospinal fluid. 

The series included eight infants under the age of one year, but this figure 
probably underestimates the incidence of staphylococcal septicaemia in this age 
group. Pyaemia resulting from umbilical infection was the most important 
disease, and was always fatal. This diagnosis must always be suspected when an 
infant under the age of one month shows fever, hepatic enlargement, and a dis- 
tended silent abdomen. The umbilicus itself may appear normal. 

Staphylococcal infection is now the most important cause of bacterial endo- 
carditis in the Christchurch Hospital. The diagnosis was frequently missed 
because the significance of fever, cardiac murmurs, and neurological signs was 
not appreciated. Metastatic cerebral abscesses occurred in several of these 
patients, and may be suspected when a patient with staphylococcal pyaemia 
complains of severe headaches and has signs of meningeal irritation. An 
increased red- and white-cell count, increased protein, and sometimes lowered 
sugar values, are the typical findings in the cerebrospinal fluid. 
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In relation to other recently published reports the number of cases of septi- 
caemia recorded here is unusually high. In seven years at the Royal Prince Alfred 
Hospital, Sydney, Hassall and Rountree (1959) reported 86 cases ; in a survey 
of septicaemia from The General Hospital, Birmingham, Bateman and Hudson 
(1958) mentioned only 11 cases of staphylococcal septicaemia in 18 months. 
From the Mayo Clinic, Schirger, Martin, and Nichols (1957) reported 109 cases 
of micrococcal bacteriaemia without endocarditis during a six-year period. 
Ninety-five of these 109 patients had undergone some surgical procedure, in- 
cluding 32 operations on the genito-urinary tract. From the University of 
Minnesota, Spink (1956) quoted 24 cases from 1952 to 1955, while Collins, 
Helper, Blevins, and Olenberg (1956) found 73 cases from the Memorial Center 
for Cancer and Allied Diseases, New York, between 1953 and 1955. Finally, 
Wilson and Hamburger (1957) recorded an incidence of 55 cases of staphy- 
lococcal septicaemia, including 35 with endocarditis, in a 15-year period (1940— 
54) at the Cincinnati General Hospital. The high incidence of staphylococcal 
septicaemia reported here may be due to the spread of the phage type 80/81 
to the general community, as has been proposed in the case of Sydney by 
Rountree and Beard (1958). The fact that 41 per cent. of the infections acquired 
outside hospital were penicillin-sensitive is against this hypothesis, as the phage 
type 80/81 is usually penicillin-resistant. Furthermore, in a survey of staphy- 
lococcal infection acquired outside hospitals in New Zealand, Markham and 
Shott (1958) found that 55 per cent. of the strains isolated were sensitive to 
either penicillin or sulphadiazine, or both. Hospital infections are, however, 
likely to be due to the phage type 80/81. 

The mortality in the present series was 50 per cent., a disturbing fact when so 
many antibiotics are available. For the pre-penicillin era Spink (1956) quoted 
a mortality of 75 per cent. for staphylococcal septicaemia, and compared this 
with a figure of 80-48 per cent. for 41 patients treated between 1952 and 1955. 
Wilson and Hamburger’s (1957) reported mortality for 1940-7 was 83 per cent., 
and for 1948-54 62 per cent. In the previously cited Sydney series (Hassall and 
Rountree, 1959) the overall mortality was 58-1 per cent. While age and associ- 
ated malignant disease are important factors in determining the outcome from 
staphylococcal septicaemia, it is also clear from the present study that early 
diagnosis and adequate prolonged treatment are equally significant. Steroid 
therapy was a factor in only three cases in the present series, but was concerned 
in five out of eight examples of septicaemia in surgical patients reported by 
Slaney and Brooke (1958). The high mortality implies deficiencies in the treat- 
ment of staphylococcal septicaemia and its various causes. It is unlikely that 
a single régime will ever be applicable to all cases, and therefore it is reasonable 
to be guided in individual cases by the sensitivity tests. Various authorities have 
criticized the disk-sensitivity techniques which have been used in the present 
study, and a more accurate dilution method may well be more valuable. The 
dosage of erythromycin and novobiocin used, namely 1 g. per day, is also open 
to criticism, and probably should be doubled. 

The place of massive penicillin therapy in severe staphylococcal infections is 
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at present difficult to assess. Fisher, Wagner, and Ross (1955) have advocated 
penicillin in doses ranging from 8 to 24 million units per day regardless of the 
laboratory findings, to be used for six to seven weeks. These authors achieved 
a survival rate of 54 per cent. in a series of 13 cases of staphylococcal endo- 
carditis treated between 1949 and 1953, and stressed the fact that an unex- 
pectedly high proportion of cases were penicillin-sensitive, and that no recovery 
occurred without the use of penicillin. Case 4 in their series was an example in 
which cure resulted from the use of penicillin (8,000,000 units per day), despite 
in vitro resistance to less than 62-5 units of penicillin per ml., after erythromycin 
and chloramphenicol had failed. In their other survivor with penicillin-resistant 
organisms it is impossible to be certain whether erythromycin or penicillin was 
the more effective drug. Geraci (1952) recorded a single case of penicillin- 
resistant staphylococcal endocarditis cured by massive intravenous penicillin 
therapy, but, as no details of dosage are given, no conclusions can be drawn from 
this case. Melton and Logue (1957) reported seven patients with staphylococcal 
endocarditis (one had a Staph. albus infection), in some of whoin massive peni- 
cillin therapy was used. In no case does the régime of drugs used allow a clear 
assessment of the part played by penicillin, except that in two cases it undoubt- 
edly failed. One case is instructive, because in vitro tests indicated that the 
organism was highly sensitive to penicillin, yet treatment with up to 160,000,000 
units of that drug per day was unsuccessful. The authors advocated penicillin 
for all cases of staphylococcal endocarditis, first in a dose of 50,000,000 units 
a day intravenously, and in double this dose if there is no response in three days ; 
several other antibiotics are used concurrently. High doses of penicillin, in spite 
of in vitro resistance, were also advocated by Hunter and Paterson (1956), but 
no results were quoted. The authors felt that with massive penicillin therapy 
the penicillinase produced by resistant staphylococci could ‘theoretically be 
tied up’, and the organisms rendered susceptible to penicillin. 

In the absence of other published evidence judgement must be reserved on 
this mode of treatment, although these early reports are not impressive. More- 
over, Finland (1958), who has not found massive penicillin therapy helpful, 
considered that ‘it may actually decrease the effectiveness of other antibiotics to 
which the organisms were originally sensitive’. The discovery of new bacteri- 
cidal antibiotics may be a more hopeful therapeutic approach. The development 
of antibiotic resistance during treatment was not a problem in the present series 
of patients. A recent report from Barber, Csillag, and Medway (1958) has con- 
firmed the fact that cross-resistance occurs between erythromycin and chloram- 
phenicol. Thus eight erythromycin-resistant strains of staphylococci also 
showed resistance to chloramphenicol, although in two cases the patient had 
been treated with erythromycin and not chloramphenicol. The authors also 
found that erythromycin resistance occurred when a combination of chloram- 
phenicol and erythromycin was used, but never in a series of 108 patients treated 
with erythromycin and novobiocin. Lowbury (1957) has also shown that the 
latter combination delays the emergence of erythromycin-resistant strains in 
vitro and in vivo. 


| 


330 D. R. HAY 


Some of the preventive aspects of the staphylococcal problem have been 
mentioned previously. Other questions, such as the abuse of antibiotics, the 
need for discipline and attention to detail in nursing and other techniques, and 
the problems of isolation, cannot be discussed in this paper. The important con- 
clusions of the present study are that serious staphylococcal infections of the 
blood-stream are common, and may present various initial features. Their 
prognosis is-serious ; but results may be improved by earlier diagnosis, heavier 
and longer courses of treatment, and a closer liaison between physicians and 
surgeons. 


I wish to thank the Physicians and Surgeons of the Christchurch Hospital for 
permission to study their patients. I am also grateful to Dr. G. C. T. Burns, 
microbiologist, for his co-operation, Mr. K. Donaldson for the photographs, 
Mrs. Margaret Meyer for her secretarial assistance, and my wife, Dr. Jocelyn 
Hay, for her advice. 


Summary 


Statistical evidence has confirmed a considerable increase in the incidence of 
staphylococcal septicaemia at the Christchurch Hospital. Seventy-one patients 
with this illness seen during 1957 and 1958 have been studied. 

The number of patients and the mortality were highest at the extremes of life. 
Fifty per cent. of the patients died. 

Fifty-one patients, or 72 per cent., were infected with penicillin-resistant 
organisms, and 29 of them (57 per cent.) died. In 20 (28 per cent.) the staphy- 


lococci were penicillin-sensitive, and 35 per cent. of these patients died. Hospital- 
acquired infection accounted for 27 patients in the series. 

Twenty patients suffered from post-operative staphylococcal septicaemia ; six 
had undergone surgery of the genito-urinary tract. This complication should be 
included in the differential diagnosis of post-operative shock or fever. 

Pyaemic complications occurred in seven of the 16 patients with osteomy- 
elitis. The diagnostic value of early and repeated chest radiographs is stressed. 

Ten patients had staphylococcal septicaemia complicating infections of the 
head and neck, and six had staphylococcal endocarditis. Thrombophlebitis of 
the intracranial venous sinuses and metastatic cerebral abscesses were most 
common in these groups. 

Umbilical infections caused pyaemia in four infants. This diagnosis should be 
suspected in a febrile infant with a silent distended abdomen. 

Treatment of staphylococcal septicaemia is at present unsatisfactory. Pub- 
lished reports provide no evidence that massive penicillin therapy has any 
special advantage. 
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Fic. 1. Case 56. Chest radiograph showing con- Fic, 2. Case 56. Chest radiographs on 22.12.58, 

solidation in the right upper lobe and left mid-zone showing a cavitated lesion in the right upper lobe 

on 8.12.58, two days after admission with staphy- with a fluid level. There is also a trace of fluid in the 
lococcal pyaemia ; left pleural cavity 


Fic. 3. Case 56. Postero-anterior and right lateral radiograph on 13.2.59, showing 
complete resolution of the consolidation on the postero-anterior film, but a thin- 
walled air-containing lesion still visible on the lateral film 
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THE ABSORPTION OF FOLIC ACID AND LABELLED 
CYANOCOBALAMIN IN INTESTINAL MALABSORPTION?! 


With Observations on the Faecal Excretion of Fat and Nitrogen and the 
Absorption of Glucose and Xylose 


By A. DOIG anp R. H. GIRDWOOD 


(From the Department of Medicine, University of Edinburgh, and the Royal 
Infirmary of Edinburgh) 


THE term ‘malabsorption syndrome’ is generally applied to a variable group of 
clinical features which may arise from disorders of the small intestine, the 
pancreas, or the hepato-biliary system. Steatorrhoea, loss of weight, and signs 
of vitamin and mineral deficiencies are the most frequent clinical findings ; the 
commonest underlying cause is a disorder of the small intestine ; pancreatic and 
hepato-biliary causes are rare by comparison. This paper is concerned particu- 
larly with studies of the absorption of folic acid and vitamin B,, in the various 
types of intestinal abnormality which produce steatorrhoea and other features 
of the ‘malabsorption syndrome’. 

Evidence of impaired absorption of folic acid has been demonstrated in the 
following conditions: Idiopathic steatorrhoea (Girdwood, 1953, 1956; Chanarin, 
Anderson, and Mollin, 1958; Cox, Meynell, Cooke, and Gaddie, 1958). Coeliac 
disease (Girdwood, 1956). Tropical sprue (Girdwood, 1956 ; Butterworth, Nadel, 
Perez-Santiago, Santini, and Gardner, 1957; Chanarin, Anderson, and Mollin, 
1958). Regional jejunitis (Girdwood, 1956; Cox, Meynell, Cooke, and Gaddie, 
1958). 

Malabsorption of labelled cyanocobalamin has been found in a variety of 
disorders of the small intestine: Intestinal strictures, anastomoses, and blind loops 
(Doscherholmen and Hagen, 1954; Halsted, Lewis, and Gasster, 1956; Evans, 
1956; Krevans, Conley, and Sachs, 1956; Mollin, Booth, and Baker, 1957; 
Frost, Goldwein, and Kaufman, 1957; Oxenhorn, Estren, Wasserman, and 
Adlersberg, 1958). Jejunal diverticulosis (Badenoch, Bedford, and Evans, 1955 ; 
Krevans, Conley, and Sachs, 1956; Halsted, Lewis, and Gasster, 1956; Mollin, 
Booth, and Baker, 1957; Scudamore, Hagedorn, Wollaeger, and Owen, 1958). 
Regional ileitis (Krevans, Conley, and Sachs, 1956; Glass, 1956; Halsted, 
Swendseid, Lewis, and Gasster, 1956; Mollin, Booth, and Baker, 1957; Cox, 
Meynell, Cooke, and Gaddie, 1958). Resections of small intestine (Callender and 
Evans, 1955; Krevans, Conley, and Sachs, 1956; McIntyre, Sachs, Krevans, 
and Conley, 1956; Mollin, Booth, and Baker, 1957 ; Frost, Goldwein, and Kauf- 
man, 1957; Oxenhorn, Estren, Wasserman, and Adlersberg, 1958 ; Scudamore, 
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Hagedorn, Wollaeger, and Owen, 1958; Quinby and McGovern, 1958; Cox, 
Meynell, Cooke, and Gaddie, 1958). T’uberculous enterocolitis (McIntyre, Sachs, 
Krevans, and Conley, 1956). Idiopathic steatorrhoea and ‘sprue’ (Callender and 
Evans, 1955; Krevans, Conley, and Sachs, 1956; Glass, 1956; Halsted, Swend- 
seid, Lewis, and Gasster, 1956 ; Reisner, Gilbert, Rosenblum, and Morgan, 1956; 
Mollin, Booth, and Baker, 1957; Frost, Goldwein, and Kaufman, 1957; Scuda- 
more, Hagedorn, Wollaeger, and Owen, 1958; Oxenhorn, Estren, Wasserman, 
and Adlersberg, 1958). Tropical sprue (Meyer, Suarez, Buso, Sabater, and 
Suarez, 1953; Mollin, Booth, and Baker, 1957). Gastric operations with jejunal 
anastomoses (Callender, Turnbull, and Wakisaka, 1954; Halsted, Gasster, and 
Drenick, 1954; Ley and Sharpe, 1954; Badenoch, Evans, Richards, and Witts, 
1955; Mollin and Smith, 1956; Krevans, Conley, and Sachs, 1956; Glass, 1956 ; 
Loewenstein, 1958). 

It has been shown that small doses of an intrinsic-factor preparation will 
usually correct the malabsorption of labelled cyanocobalamin following gastric 
operations, but not if there is intestinal malabsorption of the sprue type 
(idiopathic steatorrhoea, coeliac disease, and tropical sprue) or when the mal- 
absorption results from the presence of anatomical lesions of the small intestine 
such as strictures, massive resection, fistulae, or Crohn’s disease (Mollin and 
Baker, 1955; Badenoch, Bedford, and Evans, 1955; Krevans, Conley, and 
Sachs, 1956; Halsted, Swendseid, Lewis, and Gasster, 194 : Glass, 1956 ; Mollin, 
Booth, and Baker, 1957). 

In most patients with intestinal stasis due to strictures, fistulae, or diverti- 
cula, the administration of an antibiotic of the tetracycline group results in a 
temporary improvement in the absorption of the labelled vitamin (Badenoch, 
Bedford, and Evans, 1955; Krevans, Conley, and Sachs, 1956; Halsted, Lewis, 
and Gasster, 1956; Mollin, Booth, and Baker, 1957 ; Oxenhorn, Estren, Wasser- 
man, and Adlersberg, 1958). It is supposed that there exists in the stagnant 
loops of small intestine an abnormal bacterial flora which interferes with the 
absorption of vitamin B,,. Mollin and his colleagues (Mollin, Booth, and Baker, 
1957 ; Booth and Mollin, 1959) have shown that tetracyclines have no effect on 
the malabsorption of labelled cyanocobalamin if the ileum has been surgically 
resected or short-circuited, and in studying the absorption of radioactive vitamin 
B,, in patients at laparotomy (Booth and Mollin, 1959) they have demonstrated 
that no absorption of the radioactive substance occurs until the ileum is reached ; 
on this evidence they conclude that the lower ileum is the main site of vitamin- 
B,, absorption in man. Similar conclusions were reached by McIntyre, Sachs, 
Krevans, and Conley (1956), who found that significant impairment in the 
absorption of labelled cyanocobalamin did not occur if the upper small intestine 
was by-passed by the administration of the vitamin through a (feeding) jejuno- 
stomy tube; it was also noted that patients who had resections or disease of the 
lower small intestine had malabsorption of labelled cyanocobalamin. Cox, 
Meynell, Cooke, and Gaddie (1958) have provided further evidence which sup- 
ports the hypothesis that the ileum is the main site of vitamin-B,, absorption. 
In Crohn’s disease they found that malabsorption of labelled cyanocobalamin 
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occurred only in cases with involvement of the ileum. Folic-acid absorption was 
found to be defective in other patients with Crohn’s disease, and especially in 
those with disease involving the jejunum. These authors suggested that the 
sites of absorption of folic acid and vitamin B,, differ, the folic acid most prob- 
ably being absorbed from the jejunum, and the vitamin B,, from the ileum. 


Patients Investigated and Methods 


The main purpose of the present investigation was to study the absorption of 
folic acid and of labelled cyanocobalamin in a series of patients with intestinal 
malabsorption, and to assess the value of the combined results in increasing the 
accuracy of clinical diagnosis. Observations have also been made on the faecal 
excretion of fat and nitrogen, the absorption of glucose and xylose, and the 
serum vitamin-B,, concentration. In a previous paper (Girdwood, 1956) a 
comprehensive account was given of the various causes of deficiency of vitamin 
B,, and folic acid. In the present paper we report, in patients with disorders of 
the small intestine, the results of further studies which were undertaken in an 
attempt to elucidate some of the mechanisms involved in the development of 
vitamin-B,, and folic-acid deficiency. Observations were made on 65 patients 
with disorders of the small intestine and on 50 control subjects. Twenty-five of 
the control subjects were hospital patients who showed no evidence of intestinal 
malabsorption, renal disease, or malignant disease ; the other 25 had Addisonian 
pernicious anaemia. The diagnoses in the patients with disorders of the small 
intestine are given below. 

Diagnoses 
Idiopathic steatorrhoea . 
Coeliac disease persisting into adult life 
Extensive resection of small intestine 
Reticuloses of small intestine . 
Total gastrectomy . 
Partial gastrectomy 
Gastroenterostomy 
Jejunal diverticulosis ° 
Tleo-transverse colostomy 


Strictures and fistulae of small intestine 
Jejuno-transverse colostomy . 


Methods. 1. Absorption of labelled cyanocobalamin. The faecal test of Heinle, 
Welch, Scharf, Meacham, and Prusoff (1952) was used. This involves the 
measurement of unabsorbed radioactivity in the faeces after an oral dose of 
0-5 yg. of labelled cyanocobalamin. The vitamin was labelled with either **Co 
or ®8Co (the half-life of each isotope is 72 days) ; *Co-cyanocobalamin was used 
in the majority of tests. High faecal recoveries of radioactivity indicate 
malabsorption of cyanocobalamin. In a few cases an oral dose of 1-Oyg. 
56Co-cyanocobalamin was given ; when the larger dose is used, slight impairment 
of absorption is sometimes more clearly demonstrated (Mollin, 1956). In a few 
instances in which faecal collections proved inconvenient to the patient, the 
urinary excretion method of Schilling, Clatanoff, and Korst (1955) was employed. 
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2. Intrinsic-factor activity in gastric juice. Patients with achlorhydria and 
malabsorption of labelled cyanocobalamin were assumed to have failure of 
intrinsic-factor secretion if an intrinsic-factor concentrate corrected the mal- 
absorption of cyanocobalamin. The preparation of intrinsic factor used was 
manufactured by Lederle Laboratories, Inc. from desiccated hog’s stomach ; 
50 mg. of the concentrate was given by mouth immediately before the 0-5yg. 
oral dose of **Co-cyanocobalamin ; the output of faecal radioactivity was then 
determined. In two patients with achlorhydria, in whom intrinsic-factor con- 
centrate failed to correct the malabsorption of cyanocobalamin, the gastric juice 
was tested for the presence of intrinsic-factor activity by noting its effect on the 
absorption of labelled cyanocobalamin in a subject with Addisonian pernicious 
anaemia. The gastric juice was obtained after stimulation by carbamylcholine 
chloride (‘carbachol’) 0-25 mg. s.c. and histamine, the latter in the dosage used 
for the augmented histamine test. One hundred ml. of the gastric juice under 
test were given by mouth to the subject with pernicious anaemia, and im- 
mediately followed by 0-5yug. *Co-cyanocobalamin; the faecal radioactivity 
was then measured. 

3. The folic-acid absorption test was carried out in the manner already described 
(Girdwood, 1953, 1956, 1960). The urinary output of folic acid was estimated in 
24-hour specimens of urine, collected respectively after subcutaneous and oral 
test doses of 5 mg. of pteroylglutamic acid. The folic acid content of the urine 
was measured microbiologically, Streptococcus faecalis being used as the test 
organism. In the majority of the tests the medium used was ‘Difco’ folic-acid 
test medium. The excretion index was calculated by the ratio 


Urinary folic acid output after 5 mg. orally 


Urinary folic acid output after 5 mg. subcutaneously —— 

In malabsorptive conditions such as sprue there is a diminished output after 
the oral dose, and hence a low excretion index. 

4. Serum vitamin-B,, concentration was estimated by the modification of the 
method of Rosenthal and Sarett (1952) already described (Girdwood, 1954, 
1960), with Lactobacillus leichmannii as test organism. ‘Difco’ vitamin-B,, 
assay medium (U.S.P.) was used. The serum vitamin-B,, level by this method 
ranges from 110 to 810 yyug. per ml. Cyanide is not added to the serum. 

5. Gastric secretion and gastric biopsy. In all cases in which hydrochloric acid 
could not be demonstrated in the fasting gastric juice, the position of the stomach 
tube was checked by fluoroscopy, and the augmented histamine test (Kay, 1953) 
was performed. Achlorhydria was considered to be present if the pH of the 
gastric juice did not fall below 6 after the administration of 0-04 mg. of hista- 
mine per kg. of body weight. (The injection of histamine was preceded by one 
of mepyramine maleate.) In selected cases gastric biopsy was carried out with 
Wood’s flexible gastric biopsy tube (Wood, Doig, Motteram, and Hughes, 1949). 

6. Faecal excretion of fat and nitrogen was measured from the stools which 
were collected for the labelled cyanocobalamin absorption tests. The period of 
collection ranged from three to 18 days, and a minimum of seven stools was 
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analysed. Unless otherwise stated, the patient received an ordinary ward diet. The 
fat-content of the stools was estimated by the method of van de Kamer, Huinink, 
and Weyers (1949), and the nitrogen content by a micro-Kjeldahl method. 

7. Glucose and xylose absorption tests. A glucose-tolerance curve showing a 
rise of less than 40 mg. per 100 ml. above the fasting level after the oral adminis- 
tration of 50 g. of glucose was labelled ‘flat’ (Fairley, 1936). In the xylose 
excretion test (Fourman, 1948; Gardner and Santiago, 1956; Benson, Culver, 
Ragland, Jones, Drummey, and Bougas, 1957) the amount excreted in the urine 
in the five hours after the oral administration of 25 g. of D (+)-xylose was 
measured. In normal subjects the five-hour urinary excretion of xylose ranges 
from 4-1 g. to 8-2 g. (Benson, Culver, Ragland, Jones, Drummey, and Bougas, 
1957). 

8. Pancreatic function test. In several patients who showed features which 
suggested possible pancreatic disease, exocrine pancreatic function was tested 
by determining the volume, bicarbonate content, and amylase activity of an 
80-minute collection of pancreatic juice obtained during stimulation with 
secretin and pancreozymin (Marks and Tompsett, 1958). 

The absorption of cyanocobalamin and synthesis of folic acid by organisms 
isolated from blind or stagnant loops of small intestine. At surgical operation 
swabs and aspirates were taken from the lumen of stagnant areas of the small 
intestine. Direct smears were made with the material obtained, and stained by 
Gram’s method, to ascertain whether organisms were plentiful. The material 
was also used to inoculate plates of blood agar, MacConkey bile salt, deoxycho- 
late citrate agar, and blood agar containing crystal violet (1: 125,000). After 
identification, the organisms were subcultured on slopes of micro-assay culture 
agar (Difco) or nutrient milk agar, and from the medium giving the best growth 
further subculture was made in microinoculum broth (Difco) for 24 hours at 
37° C. Transfer was then made to the medium described by Burkholder (1952), 
growth being allowed to continue aerobically at 37° C for 48 hours in conical 
flasks. For the studies of vitamin-B,, uptake, measured amounts of cyanoco- 
balamin were added to the Burkholder’s medium. At the end of the 48 hours 
the culture medium was centrifuged without first being autoclaved, and the 
quantity of vitamin B,, in the supernatant and in a control tube of uninoculated 
medium was measured microbiologically, Lactobacillus leichmannii being used 
as the test organism. The ability of the organisms to take up the radioactivity 
of labelled cyanocobalamin was also studied. A similar technique was used, 
except that the cyanocobalamin added to the Burkholder’s medium was 
labelled with Co. After growth had occurred for 48 hours, the medium was 
centrifuged, and the radioactivity in the supernatant and in uninoculated media 
was measured ; a well-type scintillation counter was employed, and the results 
were recorded in counts per minute per ml. The radioactivity was also measured 
in the bacterial cells of the centrifuged deposit, and an approximate calculation 
made of the amount of radioactivity present in 1 ml. of these packed bacterial 
cells. The possibility of uptake of folic acid that had been added to Burk- 
holder’s medium was explored in a manner similar to that of cyanocobalamin, 
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Streptococcus faecalis being used as the test organism. No evidence of uptake 
was found, and no experiments were attempted with labelled folic acid. 

In investigations of the ability of the organisms to synthesize folic acid, they 
were subcultured in microinoculum broth as described above. Further steps 
were based on the work of Lascelles and Woods (1952). The organisms were 
grown overnight in medium A described by these workers (or medium B in the 
case of staphylococci) with added sulphadimidine in a concentration of 0-5 mg. 
per litre of medium. They were next suspended, to a concentration of about 
0-2 mg. dry weight per ml., in Lascelles and Woods’s culture medium F. The 
suspensions were incubated for five hours at 37° C, then diluted with an equal 
volume of water and centrifuged. The supernatant fluid after centrifugation 
was used for assays with Streptococcus faecalis; this involves autoclaving the 
supernatant with the medium for 10 minutes at 15 Ib. pressure. Control studies 
on medium F alone showed no folic acid to be present. 

In a few instances the experiments concerning measurement of the uptake of 
vitamin B,, and folic acid, and the synthesis of the latter, were repeated under 
anaerobic conditions. For this the steps were as recorded above, except that 
the investigations of the uptake of cyanocobalamin over a period of 48 hours, 
and of the synthesis of folic acid during the time in medium A or B and medium 
F, were carried out in a B.T.L. anaerobic jar. 


Results in Control Patients 


Absorption of labelled cyanocobalamin. In the first 25 control patients (Table I) 
the amount of radioactivity recovered in the faeces varied from 18 to 55 per 
cent. of that contained in the oral dose. The mean value was 38-4 per cent. 
(standard deviation 9-64 per cent.). The faecal recovery of radioactivity in 
Addisonian pernicious anaemia (Cases 26 to 50) varied from 67 to 99 per cent., 
the mean value being 86-52 per cent. (s.p. 8-24 per cent.) ; when intrinsic-factor 
concentrate was given with the oral dose of labelled cyanocobalamin there was 
a significant reduction in the excretion of faecal radioactivity, indicating im- 
proved absorption. In a series of 41 control subjects (without pernicious 
anaemia) who were given 0-6yug. oral doses of labelled cyanocobalamin, Mollin, 
Booth, and Baker (1957) found three subjects in whom the faecal excretion of 
radioactivity was within the range found in Addisonian pernicious anaemia ; the 
value returned to normal when the oral dose of labelled cyanocobalamin was 
given with an injection of 0-25 mg. of carbamylcholine chloride. Faecal 
recoveries of radioactivity within the range found in pernicious anaemia were 
not encountered in any of our first 25 control patients. 

The serum vitamin-B,, level by the L. leichmannii method ranged from 120 to 
700 uug. per ml. (mean 312-4ng. per ml.) in the first 25 control patients, while 
in those suffering from untreated pernicious anaemia the level was always less 
than 50ypg. per ml. except in Case 44, in which it was 80ppyg. per ml. These 
findings are comparable with those found in a larger series (Girdwood, 1960). 
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Absorption of folic acid. In an examination of the results of folic-acid absorp- 
tion tests in 458 subjects (Girdwood, 1960) it was found that, with the techniques 
used, an output of less than 1-5 mg. after the oral test dose together with an 


TABLE I 


Results of Folic-Acid and Labelled Cyanocobalamin Absorption Tests in 
50 Control Patients 
% excretion of 
radioactivity in faeces 
after oral dose of 


0-5 ug. “Co-By, or Urinary folic-acid 
*Co-By, excretion (mg.) 


After 5 mg. 
neously 


Diagnosis 
Rheumatoid arthritis . 
Thyrotoxicosis . 
Anxiety neurosis 
Rheumatoid arthritis . 
Duodenal ulcer 
Iron deficiency anaemia 
Hypoparathyroidism 
Chronic sinusitis . 
Thyrotoxicosis . 
Duodenal ulcer . 
Duodenal ulcer . 
Chronie bronchitis 
Disseminated sclerosis 
Duodenal ulcer 
Mitral stenosis . 
Rheumatoid arthritis . 
Cerebral vascular anomaly 
Duodenal ulcer 
Coronary artery disease 
Rheumatoid arthritis . 
Anxiety neurosis 
Chronic bronchitis 
Iron deficiency anaemia 
Rheumatoid arthritis . 
Anxiety neurosis . ° 
Addiso 


Case number 
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* No patient had received folic-acid treatment. 


excretion index of less than 75 per cent. was found only in the sprue group of 
diseases. In none of the patients recorded in Table I were both abnormalities 
found. It will be seen that in the 25 control patients who did not suffer from 
pernicious anaemia the urinary output of folic acid after the oral dose ranged 


Average daily 
Saecal excretion 
3 51 41 420 
20 44 120 
33 45 170 
Os > 320 
62 42 es 520 
15 ° 49 oe 320 
58 22 130 
50 ° 40 oe 160 
21 ° 25 oe 180 
10 43 ee 170 
il 48 | ee 170 
12 57 oe 140 
13 37 - 55 oe 500 
14 65 — | a 420 
15 53 41 oe 520 
16 59 - 8 os 700 
17 52 oe 130 
18 23 33 130 
19 52 ° 46 oe 540 
20 72 51 es 360 
21 59 18 380 
22 63 = es 600 
23 28 - 2 <= 280 
24 72 40 260 
25 62 . 36 96 230 | 
26 60 93 37 <50 
27 60 81 53 Treated 
28 77 a ed 80 32 <50 
29 25 91 oe <50 
30 56 70 oe <50 
31 72 67 ee <50 
33 49 89 44 Treated 
34 60 ” 83 <50 
35 74 91 39 <50 
36 49 87 <50 
38 69 a es 89 54 <50 
39 59 de oe 91 54 Treated 
40 58 ” ” 88 42 <50 
41 48 82 48 Treated 
42 64 79 23 <50 
44 49 9% 28 80 
45 53 96 35 <50 
46 30 es <50 
47 60 80 38 <50 
48 69 87 oe <50 
50 57 34 <50 
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from 1-8 to 4-3 mg. (mean 2-64 mg., s.D. 0-585 mg.), while the excretion index 
ranged from 59 to 148 per cent. (mean 94 per cent., s.D. 21-66 per cent.). In the 
25 patients with pernicious anaemia the output after the oral dose ranged from 
0-72 to 3-6 mg. (mean 2-21 mg., s.D. 0-61 mg.), and the excretion index from 
60 to 333 per cent. (mean 111-64 per cent., s.D. 56-89 per cent.). None of the 
patients had received folic-acid therapy before the test. Comparable results 
have been reported by Cox, Meynell, Cooke, and Gaddie (1958) in 43 control 
subjects and in 10 cases of pernicious anaemia. 

Patients with pernicious anaemia frequently become secondarily depleted 
of folic acid, and hence the urinary output of folic acid after the injected dose 
of folic acid, and even after the subsequent oral dose, may be low. Most of 
the patients with pernicious anaemia recorded in Table I had received treat- 
ment with cyanocobalamin before the folic-acid test, and it is possible that the 
excretion indices in these cases would have been higher had the folic-acid tests 
been done before the institution of any therapy. Since an abnormal result in 
this test is based on the finding of a low urinary output of folic acid after the 
oral dose in conjunction with a low excretion index, it is essential that a measure- 
ment be made of the output of folic acid after the injected dose, as well as the 
oral dose, in order that the excretion index may be calculated. When attention 
is confined solely to the urinary output after an oral dose of folic acid, and 
especially when different techniques and different strains of organism are used, a 
considerable overlap may occur between the results in control subjects and in 
patients with intestinal malabsorption of the sprue type (Butterworth, Nadel, 
Perez-Santiago, Santini, and Gardner, 1957; Chanarin, Anderson, and Mollin, 
1958). 

Faecal excretion of fat and nitrogen. The average daily faecal excretion of fat 
in the 25 non-anaemic control patients ranged from 2-0 g. to 7-2 g.; the mean 
value was 4-58 g. (s.D. 1-37 g.). In the 25 pernicious anaemia patients the 
figures were 2-0 to 6-9 g. (mean 4-1 g., S.D. 1-17 g.). It has become evident 
within recent years that the average daily faecal excretion of fat in normal 
subjects rarely exceeds 7 g. when the dietary intake lies between 50 and 150 g. 
per day (Wollaeger, Comfort, and Osterberg, 1947; Annegers, Boutwell, and 
Ivy, 1948; Fourman, Higgins, Quelch, O’Brien, and Witts, 1949; Cooke, 
Thomas, Mangall, and Cross, 1953; Woodman and Yeoman, 1955; Crowe and 
Blackburn, 1956). Within these ordinary limits of daily fat consumption 
Annegers, Boutwell, and Ivy (1948) have shown that the faecal excretion of fat 
in normal persons is relatively independent of the dietary fat intake. In 98 per 
cent. of our control patients, receiving ordinary mixed diets, the average daily 
faecal excretion of fat was less than 7 g.; this finding is in agreement with the 
observations of Woodman and Yeoman (1955) and Crowe and Blackburn (1956), 
and supports their claim that fat-balance studies with rigid dietary measure- 
ments are unnecessary for the detection of steatorrhoea. 

The average daily faecal excretion of nitrogen varied from 0-5 to 2-3 g. in 
the non-anaemic control patients, with a mean value of 1-50 g. (8.D. 0-47 g.). In 
the pernicious anaemia patients it was 0-7 to 2-2 g. (mean 1-44 g., s.D. 0-40 g.). 
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Reifenstein, Albright, and Wells (1945) reported a range of faecal nitrogen 
excretion of 0-72 to 2-10 g. per day (average 1-28 g.) in 33 patients whose dietary 
intake of nitrogen varied from 3 to 39 g. per day; they also showed that the 
output of faecal nitrogen was independent of the dietary intake. 


Intestinal Malabsorption of the Sprue Type 

The findings of the various tests of absorption in 30 patients suffering from 
idiopathic steatorrhoea or related diseases are presented in Tables IIa and IIs. 
Twenty-six patients were considered to have idiopathic steatorrhoea, three to 
have coeliac disease persisting into adult life, and one to have tropical sprue. 
As this last patient first developed his symptoms 11 years after leaving India, 
the exact diagnosis may be considered doubtful. It has been suggested by 
Cooke (1958) that the terms ‘idiopathic steatorrhoea’ and ‘non-tropical sprue’ 
should be discarded in favour of ‘adult coeliac disease’, largely because of the 
similarity of responses to gluten-free diets in the two conditions, and since there 
is a high incidence of coeliac disease in patients seeking treatment for idio- 
pathic steatorrhoea. Gluten-free diets were given for six months or more to six 
patients (Cases 57, 58, 65, 66, 67, and 79), with a satisfactory response except 
in Case 67. A history suggesting coeliac disease, however, was obtained only in 
Cases 77, 78, and 79 (and possibly Case 60). Until more convincing reasons are 
given for this change in terminology we prefer to apply the term ‘idiopathic 
steatorrhoea’ to patients who do not have a history of coeliac disease in childhood. 

The absorption of cyanocobalamin. It will be seen that the amount of radio- 
activity recovered in the faeces of the patients recorded in Tables IIa and Ils 
exceeded the 18 to 55 per cent. found in the control patients in 12 instances 
(40 per cent. of cases), while the serum vitamin-B,, level was less than 120pyg. 
per ml. in seven of the 26 patients who had not been treated with cyanoco- 
balamin (26-9 per cent.). In Case 65, with a serum vitamin-B,, level of 80uyg. 
per ml., the absorption of labelled cyanocobalamin was within the upper limit 
of the normal range (the faecal excretion of radioactivity was 53 per cent. of that 
contained in the 0-5yg. oral dose of *Co-cyanocobalamin). Presumably in this 
instance (and perhaps in some others) there was impaired absorption of vitamin 
B,, in the form in which it occurs in food, but normal absorption of the pure 
substance. It should be noted as a matter of considerable interest that this 
patient (No. 65) and patient No. 69 had normal absorption of folic acid but 
malabsorption of vitamin B,,, while patients 60 and 62 showed no evidence of 
malabsorption of either of these substances. 

The findings given as a footnote to Table IIa indicate that patient No. 75 had 
both pernicious anaemia and idiopathic steatorrhoea, while patients 66 and 69 
had intrinsic factor in the gastric juice, although there was achlorhydria. In 
Cases 53 and 70, in which hydrochloric acid was demonstrated in the gastric 
juice, megaloblastic anaemia was associated with a low serum vitamin-B,, level, 
and there was an initial response to cyanocobalamin injections. Since both 
of these patients also had defective folic acid absorption, it is probable that 
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persistence with cyanocobalamin therapy alone would have resulted in a re- 
currence of megaloblastic erythropoiesis. In Case 77 the cause of the high serum 
vitamin-B,, level was not found. There was no evidence of leukaemia, poly- 
cythaemia, or liver disease, and the level was still high 18 months later. 


TABLE ITA 


Results of Labelled Cyanocobalamin Absorption Tests in 30 Cases of Intestinal 
Malabsorption of the Sprue Type 
Haematological 


findings before 
treatment 


Age (years) 
General condition 
% excretion of radio- 
activity in faeces 
& after oral dose of 


Haemoglobin 
(g./100 mi.) 


Diagnosis Marrow 
Idiopathic steatorrhoea Normoblastic 


in gastric juice 
0-5 ug. **Co-By, or 
Serum vitamin By, 


“Co-Biy 


rr 
o 


Megaloblastic 
Megaloblastic 
Megaloblastic 
Normoblastic 


SSSLRE (millions/cu. mm.) 


OSs eto Red cells 


Normoblastic 
Transitional 
erythroblasts 
Normoblastic 
Megaloblastic 
Transitional 
erythroblasts 


Megaloblastic 

Transitional 
erythroblasts 

Megaloblastic 


Megaloblastic 
Megaloblastic 
Megaloblastic 
Normoblastic 


Idiopathic steatorrhoea ; 

pernicious anaemia 
Idiopathic steatorrhoea ; 

diabetes mellitus 
Adult coeliac . Megaloblastic 
Adult coeliac. . Fair Megaloblastic 
Adult coeliac . . Fair 
Tropical sprue . . Fair Normoblastic 


* Following severe melaena associated with hypoprothrombinaemia. 

+ The percentage excretion of radioactivity in the faeces after an oral dose of 0-5ug. “Co-B,, plus 50 mg. intrinsic- 
factor concentrate was 98. In a subject with Addisonian pernicious anaemia, the percentage excretion after an oral dose 
of 0-5 ug. “Co-B,, plus 100 ml. of this patient’s gastric juice was 48; after an oral dose of 0-5ug. **Co-B,, given alone 
it was 89. 

t The percentage after 0-5 yg. “Co-B,, plus 50 mg. intrinsic-factor concentrate was 90. In a subject with Addisonian 
pernicious anaemia, the percentage after the same dose plus 100 ml. of this patient’s gastric juice was 43; after an oral 
dose of 0-5 ug. “Co-B,, given alone it was 94. 

§ Schilling test: the percentage urinary excretion of radioactivity after an oral dose of 0-5 ug. **Co-B,, given alone was 
2; after a similar oral dose plus 50 mg. intrinsic-factor concentrate it was 26. 
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The absorption of folic acid. Malabsorption of folic acid was demonstrated in 
25 of the 30 patients with intestinal malabsorption of the sprue type. Patients 
60, 62, 65, and 69 had normal absorption of synthetic folic acid, while in patient 
No. 53 there was a poor output in the urine after both the injected and the oral 
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dose, though no impairment of renal function was found. In this last patient 
25 mg. of folic acid given daily for four days by mouth caused no increase in 
the urinary output of folic acid after the injected or oral test dose, suggesting 
that some change had occurred in the metabolism of folic acid. In all these five 
patients there was other evidence to support the diagnosis, including mal- 
absorption of fat and carbohydrate. In Case 63 treatment with folic acid by 
mouth for 10 months corrected the defect in folic-acid absorption. 
TaBLe 
Results of Folic-Acid Absorption Tests in 30 Cases of Intestinal Malabsorption 
of the Sprue Type 
Urinary folic 
acid excretion 
(mg.) 


Case number 
subcutaneously 
'% Cyanocobalamin 
% °° (intramuscular) 


+ Folic acid (oral) 
(9-) 
Nitrogen (g.) 


excretion 
index (%) 


> 2° (b) After 5 mg. 
Z 


Orally 

O@ Fat 


teoo~m-~ (a) After 5 mg. 
ao 
22? 


wae 


3asees 


to 


* Test for exocrine pancreatic function gave normal results: after secretin-pancreozymin 
stimulation the volume of the 80-minute duodenal aspirate was 142 ml., and the total outputs of 
bicarbonate and amylase were 6-4 m-equiv. and 625 Lagerléf units respectively. 


Faecal output of fat and nitrogen. The daily output of fat in the faeces ex- 
ceeded 7 g. in 25 of the 30 cases. In one of the remaining five patients (Case 67) 
the daily output was 11-2 g. in one of six three-day collections. Measurement of 
faecal nitrogen was of little diagnostic help ; the output exceeded 2-3 g. in 16 of 
the 30 cases, and in all but one of these (Case 57) the faecal excretion of fat was 
also elevated. 
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Ss Ses 
Flat 
Flat 2-7 
54 
55 Flat 
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61 
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65 
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Glucose and xylose absorption tests. Glucose-absorption tests were carried out 
in 23 patients, and flat curves were found in 18. Xylose absorption was abnormal 
in 11 out of 15 instances. Cases 58 and 75 showed normal xylose absorption, 
with flat glucose-tolerance curves, while Cases 65 and 76 showed evidence of 
malabsorption of xylose, but not of glucose. Both tests were abnormal in seven 
instances, both were normal in two, and one or the other was abnormal in 22 of 
the 25 patients investigated. 


TaBLeE IIIa 


Summary of Clinical Data in 20 Patients Developing Features of Intestinal 
Malabsorption fo" -wing Gastric Operations 


M 
M 
M 
M 
M 


RE 


Operation* 
Partial gastrectomy . 


Partial gastrectomy . 


Gastroenterostomy and va- 
gotomy 


Partial gastrectomy 

Subtotal gastrectomy 
(9/10ths resection) and 
entero-anastomosis 

Partial gastrectomy ; entero- 
anastomosis 4 months later 


Antrectomy and vagotomy 
(gastroenterostomy 23 
years previously) 

Gastroenterostomy 

Total gastrectomy 

Partial gastrectomy 

Gastroenterostomy and 
vagotomy 

Antrectomy and vagotomy 
(gastroenterostomy 19 
years previously) 

Partial gastrectomy 

Gastroenterostomy and va- 
gotomy 

Partial gastrectomy 


Total gastrectomy and re- 
section of 40 cm. of upper 
jejunum 

Partial gastrectomy 

Gastroenterostomy 


Partial gastrectomy 


Partial gastrectomy 


aime 
since 
operation 
(years) 


Reason for operation 
Gastric ulcer 


Duodenal ulcer 
Duodenal ulcer 


Duodenal ulcer 
Gastric ulcer 


Gastric ulcer 


Stomal ulcer 


Duodenal! ulcer 

Carcinoma of stomach 

Duodenal ulcer 

Pyloric stenosis; gastric 
and duodenal ulcer 

Stomal ulcer 


Duodenal ulcer 
Duodenal ulcer 
Duodenal ulcer with 
pyloric stenosis 
Carcinoma of stomach 


Duodenal ulcer 

Unexplained recurrent 
vomiting 

Gastric and duodenal 
ulcers 

Duodenal ulcer 


* The partial gastrectomies were Polya operations. 


Clinical features of intestinal 
malabsorption 

Intermittent diarrhoea, 
osteomalacia, and megalo- 
blastic anaemia 

Bouts of diarrhoea and 
megaloblastic anaemia 

intermittent diarrhoea and 
severe iron - deficiency 
anaemia 

Osteomalacia 

Megaloblastic anaemia 


Anaemia (probably megalo- 
blastic); responded to 
cyanocobalamin 

Iron-deficiency anaemia 


Megaloblastic anaemia 
Megaloblastic anaemia 
Diarrhoea and weight loss 
Osteomalacia and iron-de- 
ficiency anaemia 
Megaloblastic anaemia 


Diarrhoea and weight loss 

Weight loss and intermittent 
diarrhoea 

Megaloblastic anaemia and 
peripheral neuritis 

Megaloblastic anaemia 


Diarrhoea and asthenia 
Iron-deficiency anaemia 
Megaloblastic anaemia 
Weight loss, iron-deficiency 
occasional 


anaemia, and 
diarrhoea 


The clinical picture presented by idiopathic steatorrhoea may be that of 
iron-deficiency anaemia without evidence of loss of blood, and this was so in 
Cases 51, 62, and 73. It will be seen that patient No. 51 had impaired absorption 
of folic acid and of fat, while patient No. 73 had also impaired absorption of 
carbohydrate. None of these three patients showed malabsorption of cyanoco- 
balamin, and we have already seen that patient No. 62 could absorb folic acid 


normally. 
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Intestinal Malabsorption Following Gastric Operations 
The patients who had undergone gastric operations (Table IIIa) were a 
selected group, with clinical features of malabsorption including megaloblastic 
anaemia, chronic iron-deficiency anaemia, glossitis, angular stomatitis, osteo- 
malacia, diarrhoea, and loss of weight. Of the 14 patients with evidence of 


TaBLe IIIB 
Results of Folic-Acid and Labelled Cyanocobalamin Absorption Tests in 
20 Patients developing Features of Intestinal Malabsorption after Gastric 
Operations 


Folic-acid excretion 
index (%) 


(b) Given with 50 mg. 


& intrinsic factor 


AAA HCl in gastric juice 


81 
82 
83 
84 
85 
86 


>: : 


* After 1-Oug. doses of “Co-B,, the percentage excretion of radioactivity in the faeces was 76 when the dose 
given alone, and 44 when given with 50 mg. of intrinsic-factor concentrate. 
t The 5-hour urinary xylose excretion was normal (5-6 g.). 


impaired absorption of labelled cyanocobalamin, nine had developed megalo- 
blastic anaemia; a further patient (Case 86) probably had megaloblastic 
anaemia, although the marrow was not examined before the commencement of 
treatment; in the remaining four patients there were no clinical features of 
vitamin-B,, deficiency, although in Case 98 the serum vitamin B,, had reached 
levels found in pernicious anaemia. In Case 89 a serum vitamin-B,, concentra- 
tion of less than 50pg. per ml. was observed for three years before the onset of 
megaloblastic anaemia. In all patients who had malabsorption of cyanoco- 
Aa 
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balamin, intrinsic-factor concentrate improved the absorption of the labelled 
vitamin, and these included two who had had gastroenterostomy (Cases 88 
and 98). Addisonian pernicious anaemia may be simulated closely in the patients 
in this group, but Fig. 1 shows certain points of difference; in approximately 
one-half of the patients the faecal excretion of fat was increased, a finding not 
encountered in the patients with pernicious anaemia; and, taking each group 
as a whole, the impairment of cyanocobalamin absorption was found to be less 
severe in the patients who had had gastric operations. 

In Case 86, although the absorption of *Co-cyanocobalamin was improved 
when it was given with intrinsic-factor concentrate, the faecal excretion of 
radioactivity did not return entirely to normal; this patient had a partial 
gastrectomy, which was followed by an anastomosis between the afferent and 
efferent jejunal loops; the effect of an antibiotic was not assessed, and the 
possibility of intestinal stasis cannot be excluded. Of the 12 patients who 
developed malabsorption of cyanocobalamin after partial gastrectomy or 
gastroenterostomy, achlorhydria was presumptive evidence of atrophy of the 
gastric mucosa in each case. Gastric biopsy was performed in three patients, 
and showed chronic atrophic gastritis (Case 81), superficial gastritis with atrophy 
(Case 83), and intestinal metaplasia (Case 99). In many of these 12 patients 
conditions had been present which are known to be associated with an increased 
incidence of gastritis. These included chronic iron-deficiency anaemia (Cases 82, 
83, 92, 98, and 100), gastric ulcer (Cases 81, 85, 86, and 99), pyloric stenosis 
(Case 95), and chronic alcoholism (Case 85). In the patients with chronic iron 
deficiency there was no evidence of loss of blood, and all responded to iron given 
by mouth ; in four cases the anaemia occurred after the operation, while in one 
patient (Case 82) it preceded the operation by six years. One patient (Case 92), | 
who was cured of a severe iron-deficiency anaemia occurring nine years after 
antrectomy and vagotomy, returned 14 months later with a severe megalo- 
blastic anaemia. 

The average daily faecal excretion of fat exceeded 7 g. in nine patients who 
had had partial gastrectomy, in three in whom gastroenterostomy had been 
performed, and in the two patients with total gastrectomy. Nine patients gave 
a history of diarrhoea following the gastric operation, and in seven the faecal 
fat excretion was abnormal. In one of the patients (Case 82) in whom the 
faecal fat was found to be normal on two occasions, the results of a third stool 
collection were abnormal, showing 8-1 g. of fat per day; the other patient 
(Case 100) with a history of diarrhoea and normal excretion of faecal fat excreted 
an average of 6-5 g. of fat per day. Seven patients with an abnormal excretion 
of faecal fat did not have diarrhoea, but four of them (Cases 85, 89, 95, and 96) 
had noticed that their stools had become paler, bulkier, or more frequent after 
the operation. 

The average daily faecal excretion of nitrogen was abnormal in four patients, 
the increase being slight in Cases 86 and 89 and gross in Cases 90 and 93. In the 
16 patients whose faecal nitrogen excretion fell within the range found in our 
control patients, the mean value was higher (1-73 g. per day ; control cases 1-47 g. 
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per day). The two patients with a marked increase in faecal nitrogen excre- 
tion also had gross steatorrhoea. In one (Case 90) diabetic diarrhoea was 
diagnosed on the following grounds: a normal pancreas was found at laparotomy ; 
the gastrojejunal anastomosis (Polya) was converted to a gastroduodenal 
(Billroth I) anastomosis, without improvement of the steatorrhoea or the 
absorption of radio-iodinated triolein, and there was a similar lack of response to 
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Fic. 1. Comparison between 13 patients with malabsorption of cyanocobalamin follow- 
ing gastric operations and 13 patients with Addisonian pernicious anaemia. 

A. The unabsorbed radioactivity in the faeces after oral doses of 0-5ug. **Co-cyanoco- 
balamin given alone and with 50 mg. intrinsic-factor concentrate (I.F.). 

B. The average daily faecal excretion of fat. 


The dotted lines represent the upper limite of the normal range in control subjects. 


the oral administration of pancreatin;  opsy showed the jejunal mucosa to be 
histologically normal; and exocrine pancreatic function was subsequently 
found to be normal on duodenal intubation. In the other patient (Case 93) 
laparotomy revealed chronic pancreatitis and pancreatic lithiasis. In marked 
contrast to the patients with intestinal malabsorption of the sprue type, 
evidence of malabsorption of folic acid was not encountered in any of the patients 


who had developed features of intestinal malabsorption after gastric operations 
(Table IITs). 


Anatomical Lesions of the Small Intestine 


The anatomical lesions in this group of 15 cases included strictures and 
fistulae of the small intestine, enterocolic anastomoses, ileal and jejunal 
resections, jejunal diverticulosis, and reticuloses of the small bowel (Table IVa). 
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The clinical features of intestinal malabsorption were indistinguishable from 


TABLE IVa 


Summary of Clinical Data in 15 Patients with Anatomical Lesions of the 
Small Intestine 


Previous 
intestinal Main clinical 
abnormality disease features 
Strictures and fistulae Appendicitis and Abdominal pain, weight 
of ileum peritonitis loss, steatorrhoea, 
Resection of 90 cm. glossitis, and megalo- 


Intestinal 


HCl in gastric 


juice 


es Time since opera- 


© Age (years) 
© tion (years) 


lower ileum blastic anaemia 
Intussusception Intermittent diarrhoea, 
anaemia, 
an 


Fistulae and strictures 
of ileum (gangrenous) 
pulmonary tubercu- 


losis 
lleo-transverse Henoch’s purpura; Megaloblastic anaemia and 
colostomy ileal obstruction pale stools occurring 
Restoration of normal during pregnancy 
continuity 
Tleo-transverse Appendicitis ; Recurrent diarrhoea and 
colostomy peritonitis ; ileus rogressive weight loss. 
Restoration of normal heen normo- 
continuity blastic 
Jejuno-transverse Pelvic abscess Recurrent diarrhoea, 
colostomy with ileus megaloblastic anaemia, 
hypoproteinaemia, and 
peripheral oedema 
lleo-transverse lleocaecal tuber- Diarrhoea, pulmonary 
colostomy culosis tuberculosis, megalo- 
blastic anaemia, hypo- 
proteinaemia, and 
generalized oedema 
Jejunal diverticulosis ee Diarrhoea, borborygmi, 
Resection of 73 cm. emaciation, peripheral 
upper jejunum neuritis, and atrophic 
glossitis. Bone-marrow 
normoblastic 
Jejunal diverticulosis ‘ Attacks of nocturnal 
diarrhoea and bor- 
borygmi; megalo- 
blastic anaemia 
Jejunal diverticulosis Recurrent nocturnal 
diarrhoea. Bone-marrow 
normoblastic 
Jejunal diverticulosis Attacks of nocturnal 
diarrhoea and bor- 
borygmi. Peripheral 
blood normal 
Resection of 180 cm. Ileal obstruction; Intermittent diarrhoea, 
lower ileum adhesions weight loss, and hypo- 
roteinaemia. Peripheral 
lood normal 
Resection of colon and Regional ileitis Severe diarrhoea with hypo- 
120 em. ileum kalaemic paralysis and 
impairment of renal 
function. Bone-marrow 
normoblastic 
Resection of colon and Regional ileitis Intermittent diarrhoea and 
150 cm. ileum megaloblastic anaemia 
Hodgkin’s sarcoma of None Macrocytic anaemia (incom- 
small intestine —_ response to purified 
iver extract), — 
proteinaemia, an 
generalized oedema 
Lymphosarcoma of ee Recurrent abdominal pain 
small intestine with alternating diarrhoea 
and constipation. Bone- 
marrow normoblastic 


those found in the patients with intestinal malabsorption of the sprue type and 
in those with intestinal malabsorption following gastric operations. It will be 
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seen from Table [VB that malabsorption of labelled cyanocobalamin was a 
feature in 13 patients, three of whom clearly had impaired folic-acid absorption 
(Cases 107 (after operation), 113, 114). Achlorhydria was found in only two 
patients (Cases 107 and 108), and both had jejunal diverticulosis and malab- 
sorption of labelled cyanocobalamin ; neither patient was considered to have 


TaBLE IVB 


Results of Folic-Acid and Labelled Cyanocobalamin Absorption Tests in 15 
Patients with Anatomical Lesions of the Small Intestine 


Average daily 
0-5 ug. “Co-Byy faecal 
or *Co-Biy 


f 
excretion 


(b) After 5 mg. orally 
Nitrogen (g.) 


F = folic acid 


Treatment prior to 
_ OD Of folic-acid tet 
C= 
+ Soe 


(after 
operation) 


eZ BSS Given alone 
ow 


toro cots (a) After 5 mg. 
subcutaneously 
ne 

a4 as 

oe 


(after 
operation) 


(after 
operation) 


baad 


after 
operation) 


(impaired absorption). 
t A further test, two years after the operation, gave normal results: urinary folic-acid excretion after 5 mg. sub- 


cutaneously 2-7 mg., and after 5 mg. orally 2-4 mg. ; excretion index 89 per cent. 
t Cyanocobalamin had been given for only two weeks, and the patient was still anaemic. 

Addisonian pernicious anaemia, since in Case 107 the presence of intrinsic-factor 
activity was demonstrated in the gastric juice, while in Case 108 the malab- 
sorption of the labelled vitamin was corrected by means of an antibiotic, but 
not by an intrinsic-factor preparation. The serum vitamin-B,, level was less 
than 100g. per ml. in nine of the 12 patients who had not received cyanoco- 
balamin therapy. Two patients (Cases 111 and 112) had malabsorption of 
radioactive cyanocobalamin and normal serum vitamin-B,, levels; both had 
had ileal resections less than 18 months before the assay was made. In 10 cases 
we were able to determine the effect of either surgical treatment or the adminis- 
tration of a broad-spectrum antibiotic on the absorption of labelled cyanoco- 
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balamin. From the results thus obtained it was possible to divide the cases into 
two groups depending on whether the malabsorption of labelled cyanoco- 
balamin could or could not be corrected: . 

1. Cases in which it was possible to correct the malabsorption of labelled cyanoco- 
balamin. There were seven patients in this group, and all had lesions which are 
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Fig. 2. Case 102. Stagnant-loop syndrome. The effects of antibiotics 
on the unabsorbed radioactivity in the faeces after oral doses of 0-5yg. 
°6Co-cyanocobalamin. The antibiotics were administered for three days 
prior to each test; the figures in parentheses refer to the total amount 
of the drug which was given. The interrupted line indicates the upper 
limit of the range found in the control subjects, and the figures between 

the columns represent the number of months between tests. 


known to produce blind or stagnant loops: strictures and fistulae of the ileum 
(Case 101 before operation, and Case 102), ileo-transverse colostomy (Cases 103 
and 104), jejuno-transverse colostomy (Case 105), and jejunal diverticulosis 
(Cases 107 and 108). The malabsorption of cyanocobalamin disappeared after 
normal continuity of the bowel had been restored in Cases 103 and 104, and 
when the affected jejunum had been resected in Case 107. In Cases 101 (Fig. 3), 
102, 105, and 108, the malabsorption of radioactive cyanocobalamin was 
corrected temporarily after the oral administration of either tetracycline or 
chlortetracycline. In Case 102 various antibiotics were given, and their effect 
on the faecal excretion of radioactivity after 0-5ug. oral doses of *Co-cyanoco- 
balamin was observed (Fig. 2). Although tetracycline corrected the malabsorp- 
tion of the labelled vitamin, phenoxymethy] penicillin (penicillin V), chlor- 
amphenicol, and neomycin were without effect. Chlortetracycline induced 
vomiting and, despite the fact that the patient received less than 2-5 g. of this 
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antibiotic, a significant improvement in the absorption of the labelled vitamin 
occurred. 

2. Cases in which it was not possible to correct the malabsorption of labelled 
cyanocobalamin. In this group of four patients surgical treatment was not 
indicated, and attempts to correct the malabsorption of labelled cyanocobalamin 
were confined to the administration of either chlortetracycline or tetracycline. 
Three of the patients (Cases 101, 111, and 113) had had resections of the lower 
ileum which varied from 90 to 150 cm. in length, and in the fourth patient 
(Case 106) an ileo-transverse colostomy had been performed for tuberculous 
disease of the lower ileum and the caecum. In the patients with ileal resections 
antibiotics did not improve the absorption of labelled cyanocobalamin ; in Case 
106 (ileo-transverse colostomy) there was some improvement in the absorption 
of the labelled vitamin, although a normal result was not obtained. Case 101 is 
included in both groups, since an antibiotic of the tetracycline group corrected 
the malabsorption of labelled cyanocobalamin before the resection of the 
stagnant loops of ileum, but failed to do so after the operation. 

Absorption of folic acid. Evidence of impaired folic-acid absorption was found 
in only three patients: in Case 114 multiple Hodgkin’s sarcomata were present 
in the jejunum as well as the ileum; in Case 113, in which ileal resections had 
been performed for regional ileitis, involvement of the jejunum could not be 
excluded. A temporary impairment in the absorption of folic acid was demon- 
strated in Case 107 after the resection of 73 cm. of upper jejunum. In Case 112a 
normal excretion index was obtained, but the abnormally low urinary output 
of folic acid after both the injected and oral doses was attributed to renal 
insufficiency associated with hypokalaemia. 

Absorption of carbohydrate. Oral glucose-tolerance tests were performed in 
eight patients, and xylose-absorption tests in two cases: abnormal results were 
obtained in five instances, a ‘flat’ glucose-tolerance curve in Cases 106, 107, 108, 
111, and 114, and a low urinary excretion of xylose in Case 111. In only one of 
these patients (Case 114) was there evidence of impaired folic-acid absorption. 

Absorption of fat. Biochemical evidence of steatorrhoea was found in 12 
patients. In three of them (Cases 103, 104, and 107), in whom surgical treatment 
was successful in abolishing the malabsorption of cyanocobalamin, the average 
daily faecal excretion of fat also returned to normal. In a fourth patient (Case 
101), who was treated surgically for blind and stagnant loops, it was found 
necessary to resect 90 cm. of lower ileum, and neither the faecal excretion of 
fat nor the absorption of labelled cyanocobalamin returned to normal; but 
there was some improvement in the steatorrhoea, the average daily faecal 
excretion of fat falling from 14-4 to 8-9 g. per day. Although the malabsorption 
of labelled cyanocobalamin was corrected temporarily in four of the seven 
patients who received a tetracycline antibiotic, significant improvement in the 
average daily faecal excretion of fat occurred in only one patient (Case 101). 
After this patient’s stagnant loops of ileum had been removed, a further course 
of antibiotic had the opposite effect, and increased the faecal loss of fat (Fig. 3). 
The faecal excretion of fat was normal in three patients, two of whom (Cases 109 
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and 110) had jejunal diverticulosis and infrequent attacks of nocturnal diarrhoea ; 
diarrhoea did not occur in either case during the periods of investigation, and 
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Fic. 3. Case 101. The effects of intrinsic-factor preparations, tetracyclines, 
and the resection of 90 cm. of ileum on the faecal excretion of labelled 
cyanocobalamin, fat and nitrogen in a patient with intestinal stasis result- 
ing from multiple strictures and fistulae of the ileum. Oral dose of **Co- 
cyanocobalamin (all tests) = 0-5yug. Intrinsic-factor preparation A = 100 
ml. of gastric juice from two normal subjects. Intrinsic-factor preparation 
B = 50 mg. of intrinsic-factor concentrate (Lederle). Chlortetracycline 
dosage: 2 g. daily for three days and 1 g. daily for five days (eight-day 
course). Tetracycline dosage: 2 g. daily for three days. Dietary intake 
of fat (before and during each period of stool collection) = 70 g. per day. 
The upper limits of the range in the control subjects (without pernicious 
anaemia) are indicated by the interrupted lines. 


in both cases the absorption of folic acid and labelled cyanocobalamin was 
normal. The third patient (Case 114) had multiple Hodgkin’s sarcomata of the 
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small intestine, and, although there was no biochemical evidence of steator- 
rhoea, malabsorption of both folic acid and labelled cyanocobalamin was 
demonstrated. Five of the patients with steatorrhoea (Cases 101 (after opera- 
tion), 105, 106, 111, and 113) and one without steatorrhoea (Case 110) also had 
an abnormal faecal excretion of nitrogen. 


TaBLE V 
Uptake of Vitamin B,, and Synthesis of Folic Acid by Organisms Isolated 
from Blind and Stagnant Loops (Aerobic Growth) 


Vitamin-B,, content Folic acid content of 
of medium (umg./ml.) medium (umg./ml.) 


“Before After. After. 


. growth of growthof growthof growth of 
Organisms organisms organisms organisms organisms 
101 Upper fistula B. proteus 15-7 
B. proteus 15-7 
*E. coli 15-7 
*E. coli 15-7 
*E. coli 


Walt 
oo 


Lumen ofstagnant B. proteus 
ileal loop *E. coli 


104 Ileo-transverse *E. coli 
colostomy *E. coli 

E. coli (weak agglutina- 
tion) 


woe 
oun 


107 Lumen of small 
intestine 


E. coli anaerogenes 
E. coli type 0128 
E. coli anaerogenes 
E. coli anaerogenes 
E. coli anaerogenes 
E. coli anaerogenes 
E. coli anaerogenes 
Staph. albus 


Diverticula E. coli type 0128 
E. coli anaerogenes 


* Did not agglutinate polyvalent sera. 


tote to tet to to tp 
eo 
on 
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The uptake of vitamin B,, and synthesis of folic acid by organisms isolated from 
stagnant loops. The techniques employed have already been described. Organ- 
isms were obtained at operation from the small intestine in Cases 101, 104, and 
107. In Case 101, in which there were multiple strictures and fistulae of the 
ileum and a fistulous connexion between the ileum and jejunum, swabs were 
taken from the mucosal surface of a large stagnant ileal loop and from the lumen 
of the ileojejunal fistula. The specimens from both sites showed large numbers 
of Gram-negative bacilli in direct films; a heavy growth of E. coli and a few 
colonies of B. proteus were obtained in culture. In Case 104 aspirates of the small- 
intestinal contents were taken immediately proximal and distal to the site of the 
ileocolic anastomosis; in each specimen there were large numbers of Gram- 
negative bacilli, and on culture there was a heavy growth of £. coli. Patient 


15-7 0-6 
15:7 3-3 
15-7 0 18 
15-7 0 1-2 
15-7 0 1-2 
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No. 107 had small-intestinal diverticula, and at operation aspirates taken from 
the lumen and diverticula of the affected jejunum showed moderate numbers of 
Gram-positive and small numbers of Gram-negative bacilli. In aerobic cultures, 
however, only a moderate growth of E. coli and a few colonies of Staphylococcus 
albus were obtained. The results of investigations of the organisms isolated from 


TaBLe VI 
Uptake of Vitamin B,, and Synthesis of Folic Acid by Organisms Isolated 
from Blind and Stagnant Loops (Anaerobic Growth) 


Vitamin-B,, content Folic acid content 
of medium (umg.[ml.) of medium (umg./ml.) 


Before After Before After 
Case growth of growth of growth of growth of 
number Source Organisms organisms organisms organisms organisms 
101 Upper fistula B. proteus 16-0 11-0 0 5-0 
E. coli (did not agglutin- 15-3 5-3 0 2-8 
ate polyvalent sera) 


107 Lumen of small E. coli type 0128 
intestine E. coli anaerogenes 
Staph. albus 


TaBLeE VII 


Uptake of Radioactivity by Organisms Grown Aerobically in a Medium 
Containing **Co-Labelled Cyanocobalamin 
Radioactivity 
in supernatant Radioactivity 
Radioactivity after bacterial in centrifuged 
in medium growth and bacterial cells 
with labelled subsequent (counts/min./ 
vitamin B,, centrifugation approximate 


Case (counts/min./ (counts/min./ ml. of packed 
number Source Organisms ml.) ml.) wet cells) 


101 Upper fistula B. proteus 5,415 3,509 341,640 
B. proteus 5,415 3,504 313,620 
E. coli (no agglutination 5,415 2,890 432,220 

with polyvalent sera) 


104 Tleo-transverse E. coli (weak agglutina- 1,760 766 174,400 
colostomy tion) 


107 Lumen of small E. coli anaerogenes 5,415 1,868 631,260 
intestine E. coli type 0128 1,760 603 185,200 
Staph. albus 5,415 2,052 624,360 


the small intestine in these cases are given in Table V. In each case E. coli 
removed cyanocobalamin from the culture medium, and B. proteus (from Case 
101) and Staphylococcus albus (from Case 107) were also found to possess the 
same ability. Although none of these organisms could remove folic acid from 
culture media, it was shown that under suitable conditions they could synthesize 
a substance capable of supporting the growth of Streptococcus faecalis. While we 
designate this substance folic acid, it should be noted that it is not necessarily 
identical with pteroylglutamic acid. In a few instances the experiments were 
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repeated under anaerobic conditions. Again there was no removal of folic acid 
from the culture medium, but, as Table VI indicates, there was uptake of 
cyanocobalamin and synthesis of folic acid. Experiments involving the aerobic 
growth of the organisms in a culture medium containing labelled cyanocobala- 
min showed that they were capable of removing radioactivity from the culture 
medium (Table VII). The radioactivity was found to be concentrated in the 
bacterial cells, and could not be removed by washing. 


Discussion 
Intestinal malabsorption of the sprue type 

The high incidence of malabsorption of folic acid which has previously been 
reported in patients with idiopathic steatorrhoea and related diseases (Gird- 
wood, 1953, 1956) has been confirmed by other workers (Butterworth, Nadel, 
Perez-Santiago, Santini, and Gardner, 1957; Chanarin, Anderson, and Mollin, 
1958 ; Cox, Meynell, Cooke, and Gaddie, 1958) and by the findings of the present 
investigation. From an analysis of the results of folic-acid absorption tests 
performed during the last six years on 112 patients with diseases of the sprue 
type and in 340 control cases, it has been concluded that under the conditions 
pertaining to our laboratory an output of less than 1-5 mg. of folic acid in the 
urine after the 5 mg. oral dose, together with an excretion index of less than 75 
per cent., indicates that the patient is suffering from idiopathic steatorrhoea 
or a related disorder of the small intestine (Girdwood, 1960). In previous papers 
(Girdwood, 1953, 1956) it was suggested that the patient should be given 
injections of 15 mg. of folic acid daily for four days to correct ‘tissue desatura- 
tion’ before the performance of the test; but in most of the cases recorded in 
Tables IIa and IIs we were able to demonstrate malabsorption of folic acid with- 
out this additional measure. Butterworth, Nadel, Perez-Santiago, Santini, and 
Gardner (1957) have noted that, in tropical sprue, treatment with folic acid for 
four to eight weeks will increase the absorption of folic acid 30-fold, and so 
convert an abnormal folic-acid test result to a normal one. In Case 63 folic- 
acid absorption returned to normal after 10 months of folic-acid therapy ; this 
finding contrasts with a previous observation (Girdwood, 1956; Case 33) in 
which malabsorption of folic acid recurred in a patient during folic-acid therapy, 
and a relapse of diarrhoea took place two weeks later. 

The majority of patients with impaired folic-acid absorption also showed 
evidence of malabsorption of glucose or xylose. Attention will be drawn below 
to observations which suggest that folic acid is absorbed from the jejunum, and 
it is of interest to note that this part of the small intestine is considered to be the 
main site of xylose and glucose absorption (McCance and Madders, 1930; 
Borgstrém, Dahlqvist, Lundh, and Sjévall, 1957). Recent biopsy studies have 
demonstrated the presence of histological changes in the jejunum of patients 
with intestinal malabsorption of the sprue type (Paulley, 1954; Shiner, 1957; 
Butterworth and Perez-Santiago, 1958). Although malabsorption of folic acid 
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was usually associated with malabsorption of xylose and glucose, the absorption 
of both of these sugars was normal in two patients (Cases 63 and 64) who had 
severe impairment of folic-acid absorption. Conversely, in five patients without 
evidence of defective folic-acid absorption, there was in each case an abnormal 
result in either or both of the carbohydrate absorption tests. While the diagnostic 
value of a flat glucose-tolerance curve is limited by the fact that such curves 
frequently occur in subjects without malabsorption (Gardner, 1956), a normal 
glucose-tolerance curve occurs in only a minority of patients with intestinal 
malabsorption of the sprue type; thus, in a patient who is considered to have 
this type of malabsorption, the finding of a normal (or diabetic) curve should 
always raise the possibility of another diagnosis. In the investigation of carbo- 
hydrate absorption the xylose-absorption test is generally considered to be 
more satisfactory than that of glucose absorption, although it should be noted 
that the former test gave a normal result in four out of 15 patients in this group. 
The test was found to be of particular value in Case 76, in which malabsorption 
of xylose was demonstrated in a patient with diabetes mellitus and idiopathic 
steatorrhoea ; the association of these two disorders has previously been reported 
by Bossak, Wang, and Adlersberg (1957). 

Forty per cent. of the patients in this group were shown to have defective 
absorption of cyanocobalamin. This incidence is considerably less than that 
encountered by Oxenhorn, Estren, Wasserman, and Adlersberg (1958) in 25 
patients with idiopathic steatorrhoea, and by Mollin, Booth, and Baker (1957) 
in 17 patients with idiopathic steatorrhoea and six with chronic tropical sprue. 
Subnormal serum vitamin-B,, levels were also less frequent than those in 
previously published series (Mollin and Ross, 1957; Meynell, Cooke, Cox, and 
Gaddie, 1957), the incidence being 27 per cent. as compared with approximately 
50 per cent. Although three of our patients with idiopathic steatorrhoea had 
achlorhydria and malabsorption of labelled cyanocobalamin, only one wasshown ° 
to have Addisonian pernicious anaemia. Mollin, Booth, and Baker (1957) have 
reported five cases of intestinal malabsorption in which there was achlorhydria, 
gastric atrophy, and malabsorption of labelled cyanocobalamin which was 
corrected with an intrinsic factor preparation ; in two of these cases the blood 
picture did not return to normal until folic acid had been given. 


Intestinal malabsorption following gastric operations 


Malabsorption of labelled cyanocobalamin was demonstrated in 14 patients 
after gastric operations; in each instance there was achlorhydria, and an im- 
provement in the absorption of the labelled vitamin when given with an 
intrinsic-factor preparation. These findings are in agreement with the results 
of previous work (Callender, Turnbull, and Wakisaka, 1954; Badenoch, Evans, 
Richards, and Witts, 1955; Mollin and Smith, 1956; Glass, 1956; Halsted, 
Swenseid, Lewis, and Gasster, 1956 ; Loewenstein, 1958), and suggest that failure 
of the patient’s ability to secrete intrinsic factor, rather than a primary absorp- 
tive defect in the intestinal mucosa, is responsible for the malabsorption of 
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cyanocobalamin. The loss of intrinsic-factor secretion is easily understood in 
Cases 85 and 96, in which total gastrectomy had been performed. In ordinary 
circumstances partial gastrectomy or gastroenterostomy does not result in loss 
- of intrinsic-factor secretion since, in man, intrinsic factor is secreted from the 
body and fundus of the stomach (Fox and Castle, 1942). In the rare instances 
in which such loss does occur after partial gastrectomy, it must be assumed that 
changes were present in the mucosa of the body and fundus before the operation, 
or that they have developed since the operation. Badenoch, Evans, Richards, 
and Witts (1955) performed gastric biopsies in five patients who had developed 
megaloblastic anaemia after gastric operations (four after partial gastrectomy, 
one after gastroenterostomy), and in whom they demonstrated malabsorption 
of labelled cyanocobalamin which could be corrected by the administration of an 
intrinsic-factor preparation. The histological findings were those of gastritis 
and moderate to severe mucosal atrophy. These five patients had all had gastric 
ulcers, with many years of dyspepsia, and the authors suggested that persistent 
gastritis, leading to atrophy of the gastric mucosa, might explain why these 
patients, unlike the majority, developed megaloblastic anaemia after partial 
gastrectomy. 

In our group of 12 patients with malabsorption of vitamin B,, following 
partial gastrectomy or gastroenterostomy, four had had gastric ulcers, and in 
six others there was a history of chronic iron-deficiency anaemia, pyloric 
stenosis, or chronic alcoholism, conditions which are known to be associated 
with an increased incidence of gastritis (Joske, Finckh, and Wood, 1955) ; in the 
three cases in which gastric biopsy was done the histological findings were those 
of chronic atrophic gastritis, superficial gastritis with atrophy, and intestinal 
metaplasia. A high partial gastrectomy had been performed in several patients, 
and there is little doubt that in these cases the removal of a considerable amount 
of the mucosa of the body of the stomach contributed to the loss of intrinsic- 
factor secretion. In nine patients who developed megaloblastic anaemia after 
partial gastrectomy MacLean (1957) was able to examine the mucosa of the 
stomach which had been resected at operation. The histological appearance in 
each case was essentially the same, and consisted of chronic inflammatory-cell 
infiltration, intestinal metaplasia, absence of parietal and chief cells, and atrophic 
changes in all layers. MacLean considered that it should be possible, by examin- 
ing the resected stomach, to predict which patients are likely to develop megalo- 
blastic anaemia. A very rare cause of vitamin-B,, malabsorption following 
gastric surgery is the presence of a blind or stagnant loop. In a patient with a 
partial gastrectomy and duodenojejunostomy Adams (1958) reported malab- 
sorption of labelled cyanocobalamin, which was corrected by chlortetracycline 
therapy but not by the administration of an intrinsic-factor preparation. In 
Case 86, in which an anastomosis had been performed between the afferent and 
efferent jejunal loops, intestinal stasis may have been partly responsible for the 
malabsorption of labelled cyanocobalamin, since an intrinsic-factor preparation 
did not entirely correct the malabsorption of the labelled vitamin. 

Evidence of impaired folic-acid absorption was not obtained in any of the 
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20 patients in the group. The results of the folic-acid absorption test in 14 
previously reported patients who had undergone gastric operations (Girdwood, 
1956) were also normal. Using the same test, Cox, Meynell, Cooke, and Gaddie 
(1958) found normal folic-acid absorption in four out of five patients with post- 
gastrectomy steatorrhoea. The patient with an abnormal result was stated to 
have an abnormally long afferent loop, and to have been under investigation for 
idiopathic steatorrhoea before undergoing gastrectomy. Of three patients with 
post-gastrectomy steatorrhoea who were studied by Chanarin, Anderson, and 
Mollin (1958), the results of a folic-acid absorption test, in which serum levels 
of folic acid were measured, suggested normal absorption in two and impaired 
absorption in the third. 

Among the 14 patients with an increased faecal loss of fat, an additional 
cause for the steatorrhoea was found in two cases. Patient No. 90 was considered 
to have diabetic diarrhoea, a condition which is sometimes associated with 
steatorrhoea (Berge, Wollaeger, Scholz, Rooke, and Sprague, 1956; Malins and 
French, 1957); in this case the demonstration of a normal jejunal mucosa was 
predicted from the findings of unimpaired absorption of folic acid and xylose. 
Patient No. 93, in whom tests for the absorption of folic acid, glucose, and 
labelled cyanocobalamin gave normal results, was subsequently shown to have 
chronic pancreatitis and pancreatic lithiasis. In the six cases in which an oral 
glucose-tolerance test was performed (the diabetic case excluded) there was no 
evidence to suggest impaired absorption. The five patients who developed iron- 
deficiency anaemia after the operation had been taking a normal diet, and had 
no evidence of loss of blood ; in each instance iron by mouth restored the blood 
picture to normal. Although the absorption of inorganic iron is not generally 
impaired after partial gastrectomy (Smith and Mallett, 1957 ; Baird and Wilson, 
1959), it has been shown that there is a defect in the absorption of organic iron 
taken with food (Baird and Wilson, 1959). The normal absorption of folic acid, 
glucose, and inorganic iron suggests that in such patients the clinical features of 
intestinal malabsorption do not arise from an impaired absorptive capacity of 
the intestinal mucosa. In the patients with vitamin-B,, deficiency it has already 
been noted that the malabsorption of cyanocobalamin is primarily the result of 
loss of intrinsic-factor secretion; in these cases, unlike those with impaired 
absorption of cyanocobalamin due to disease of the small intestine, a small dose 
of intrinsic factor usually corrects the malabsorption. Recent work with ™I- 
labelled oleic acid and ™I-labelled triolein (Rrffin, Keever, Chears, Shingleton, 
Baylin, Isley, and Sanders, 1958) has shown that after gastric operations the 
absorption of the fatty acid is usually normal, while the absorption of the tri- 
glyceride is impaired in 60 per cent. of cases. All these observations support 
the view that the principal factor in the malabsorption of fat and dietary iron 
which may follow gastric operations is an impairment in digestion rather than a 
primary defect in absorption. 


Anatomical lesions of the small intestine 
Anatomical lesions of the small intestine are an infrequent cause of intestinal 
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malabsorption. Their recognition, however, is important, since surgical treat- 
ment may be of considerable benefit and in some instances may be curative. 
Of the 15 patients whom we have studied, there was a previous history of an 
abdominal surgical procedure in nine, and three had symptoms of chronic 
intestinal obstruction ; since these features are relatively uncommon in intestinal 
malabsorption of the sprue type, their presence should always raise the possi- 
bility of the existence of an anatomical lesion. Nocturnal diarrhoea is a common 
feature of diabetic diarrhoea (Sheridan and Bailey, 1946), and sometimes occurs 
in jejunal diverticulosis (Card, 1956); this symptom was found to be of diag- 
nostic value in the present series of 65 patients with intestinal malabsorption, 
since it occurred in only four patients, three of the four with jejunal diverticu- 
losis and the only one who had diabetic diarrhoea. The results of our studies on 
the absorption of labelled cyanocobalamin support the hypothesis (McIntyre, 
Sachs, Krevans, and Conley, 1956; Mollin, Booth, and Baker, 1957; Booth and 
Mollin, 1959) that the main site of vitamin-B,, absorption in man is the lower 
ileum. Whereas surgical or antibiotic therapy corrected the malabsorption of 
labelled cyanocobalamin in seven patients in whom the greater part of the 
ileum remained intact, no improvement occurred in the three from whom a 
large portion of the lower ileum had been removed. In the cases in which the 
malabsorption of labelled cyanocobalamin could be corrected, the anatomical 
lesions consisted of strictures and fistulae of the lower ileum, ileo- and jejuno- 
transverse colostomies, and multiple diverticula of the jejunum; all these 
lesions can produce stagnation of intestinal contents, the stasis occurring in the 
intestine proximal to strictures, in the bowel which has been short-circuited by 
fistulae or anastomoses, and within the narrow-necked jejunal diverticula. 
When jejunal diverticulosis is present, stagnation may also occur within the 
lumen of the intestine in patients who have chronic ‘non-organic’ intestinal 
obstruction (Benson, Dixon, and Waugh, 1943; Phillips, 1953). 

Bacteria and the small intestine. The clinical association of macrocytic 
anaemia with lesions which produce stagnation within the intestinal lumen was 
first recognized by Faber in 1894, and has been the subject of reviews by 
Meulengracht (1929), Barker and Hummel (1939), Jensenius (1945), Cameron, 
Watson, and Witts (1949a), Halsted, Lewis, and Gasster (1956), and Badenoch 
(1958). During the last 35 years experimental evidence has accumulated which 
suggests that the anaemia is related to the presence of bacteria within the 
stagnant bowel contents. Seyderhelm, Lehmann, and Wichels (1924, 1927) 
produced artificial strictures in the terminal ileum in 10 dogs, and two of the 
seven animals which survived developed macrocytic anaemia. In the anaemic 
animals the dilated intestine proximal to the strictures was found to contain 
large numbers of coliform organisms, whereas the small intestine remained 
sterile in those animals which did not develop anaemia. Using a different 
operative procedure, Ténnis and his collaborators (Ténnis and Brusis, 1931; 
Tonnis, Horster, Reimers, and Rudel, 1932) were also able to produce a macro- 
cytic anaemia in the dog. These workers induced intestinal stasis by forming 
cul-de-sacs in the small intestine, and showed that the anaemia could be relieved 
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by the administration of intestinal antiseptics, by the removal of the cul-de-sac, 
or by liver extract. Cameron, Watson, and Witts (19496) found that the con- 
struction of blind, self-filling loops in the upper small intestine of rats could also 
lead to the development of a macrocytic anaemia, while Toon and Wangensteen 
(1950) showed that the anaemia could be prevented by the administration of 
chlortetracycline. The more recent observations in patients with blind or 
stagnant loops, which have shown that malabsorption of labelled cyanocobala- 
min can be improved with tetracyclines, have provided further evidence in 
favour of the existence of an abnormal bacterial flora which interferes with the 
absorption of haemopoietic substances. 

The observations which we report on the bacteria obtained from stagnant 
loops and jejunal diverticula strongly suggest that the patient is deprived of 
vitamin B,, by an abnormal bacterial flora in the stagnant areas of the small 
intestine. It should not, however, be considered that the organisms were 
unusual in their ability to take up vitamin B,,, since similar results have been 
obtained with all the strains of Z. coli that we have tested for this function. 
The demonstration of large numbers of organisms in the stagnant intestinal 
contents contrasts with the findings in patients without intestinal disease re- 
ported by Cregan and Hayward (1953). These authors, whose specimens were 
obtained at gynaecological operations, showed that the normal small intestine 
does not contain a resident bacterial flora except in the terminal ileum, where 
a few coliform residents may be found. The organisms obtained from the stag- 
nant loops were identified as normal inhabitants of the large intestine; the 
bacterial flora is thus regarded as being abnormal only in respect to its site of 
growth. Similar observations were made by Watson and Witts (1952) in rats 
with small intestinal cul-de-sacs; they commented that ‘the bacteriological 
findings are much as if the ordinary flora of the caecum had ascended to the 
loop and the ileum’. Previous in vitro experiments have shown that certain 
strains of Z. coli will readily absorb vitamin B,, (Davis and Mingioli, 1950; 
Burkholder, 1952; Girdwood, 1955). We have now been able to demonstrate 
the uptake of vitamin B,, by organisms isolated from stagnant loops. Although 
intestinal stasis is considered to be the main factor in permitting the growth of 
these organisms within the small intestine, it is probable that, in patients with 
enterocolic anastomoses, the direct passage of faecal material from the large to 
the small bowel is an additional factor in maintaining the bacterial population ; 
it is also possible that in some cases faecal contamination of the small intestine, 
without the presence of intestinal stasis, can lead to bacterial interference with 
vitamin-B,, absorption. 

In relation to the finding that Z. coli and other micro-organisms possess the 
ability to remove cyanocobalamin from culture media, it may be recalled that 
Bethell (1948) obtained haemopoietic responses in two patients with pernicious 
anaemia when he injected an extract from the faeces of other patients with 
untreated pernicious anaemia. It was subsequently shown by Bethell, Meyers, 
and Neligh (1948), and by Girdwood (1950), that the faeces contained appreciable 
amounts of growth factors for Lactobacillus leichmannii and Streptococcus 
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faecalis. Since then it has been found that animal faeces contain not only 
cyanocobalamin, but at least 10 factors related to it, and that these other 
factors differ in their ability to support the growth of Lactobacillus leichmannii 
(Ford and Hutner, 1955). At least one of the factors has haemopoietic activity 
in pernicious anaemia (Kon, 1955). It appears likely that vitamin B,, contained 
in bacterial cells in stagnant areas of small intestine is not available to the host, 
and passes out in the faeces. Certainly we were unable to wash the radioactivity 
of labelled cyanocobalamin off the bacteria. In general Z. coli is independent of 
a source of vitamin B,, and can synthesize its needs from relatively simple 
materials (Coates and Kon, 1957), but the vitamin is contained within the 
micro-organism (Ford, 1959). It is, however, well known that other organisms, 
such as Streptomyces griseus, release vitamin B,, to the culture medium ; indeed 
culture fluid in which propionibacteria are grown may become visibly pink with 
cyanocobalamin and the related factor B (Ford, 1959). 

Effects of tetracyclines. When patients with stagnant loops are given tetra- 
cyclines, the improvement in the absorption of labelled cyanocobalamin which 
follows may be of short duration. In Case 101 the absorption of labelled 
cyanocobalamin returned to normal after chlortetracycline had been given 
for three days, but was again abnormal after eight days of therapy. In deter- 
mining the effect of antibiotics on the absorption of labelled cyanocobalamin 
it is thus important to perform the test within a few days of giving the drug; 
failure to do so may explain the occasional reports in the literature (Evans, 
1956; Frost, Goldwein, and Kaufman, 1957; Oxenhorn, Estren, Wasserman, 
and Adlersberg, 1958) of tetracyclines not improving the absorption of the 
labelled vitamin in cases in which an improvement might be expected. In 
Case 102 we were able to confirm the observation of Halsted, Lewis, and Gasster 
(1956) that neomycin may be ineffective in improving the absorption of 
labelled cyanocobalamin where tetracyclines succeed. 

In patients with intestinal anastomoses or fistulae, another possible cause of 
failure to absorb vitamin B,, is short-circuiting of the ileum. Whether or not 
this occurs will depend upon the amount of food which by-passes the main site 
of vitamin-B,, absorption in the lower ileum. Since tetracycline did not entirely 
correct the malabsorption of labelled cyanocobalamin in Case 106, in which an 
ileo-transverse colostomy had been performed for ileocaecal tuberculosis, short- 
circuiting of the ileum may have been partly responsible for the impairment of 
absorption; on the other hand, it is equally probable that the tuberculous 
disease of the ileum had damaged the site of absorption of vitamin B,,. In the 
other two patients with ileo-transverse colostomies (Cases 103 and 104) the 
malabsorption of labelled cyanocobalamin was corrected after the restitution of 
the normal continuity of the bowel ; the effect of antibiotic administration was 
not assessed, and it is thus not possible to determine whether the malabsorption 
of vitamin B,, was the result of bacterial interference or of short-circuiting of 
the ileum. In the patient with a jejuno-transverse colostomy (Case 105), the 
malabsorption of labelled cyanocobalamin was considered to be the result of bac- 
terial utilization, since it could be corrected by the administration of tetracycline. 
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Folic-acid absorption. While failure to absorb vitamin B,, may result from the 
presence of bacteria within stagnant loops or from the loss of the absorptive 
surface of the lower ileum, we have no evidence to suggest that either of these 
conditions will lead to malabsorption of folic acid. The absorption of folic acid 
was found to be within the normal range in the 10 patients who had anastomoses, 
fistulae, strictures, or diverticula of the small intestine; similar findings have 
been reported by Girdwood (1956) in a patient with an ileosigmoid fistula, and 
by Chanarin, Anderson, and Mollin (1958) in two patients with ileocolic anasto- 
moses and in one with multiple diverticula of the small intestine. Moreover, 
none of the organisms which were isolated from stagnant loops was found to 
absorb folic acid. Folic-acid absorption was unimpaired in patients 101 and 111, 
in whom 90 and 180 em. of ileum had been removed respectively, in a patient 
in whom 92 em. of ileum had been removed (Chanarin, Anderson, and Mollin, 
1958), and in a patient in whom the whole of the ileum had been excised (Cox, 
Meynell, Cooke, and Gaddie, 1958). In one of our patients with an ileal resection 
(Case 113) malabsorption of folic acid was demonstrated ; since the operation 
had been performed for Crohn’s disease, the possibility of involvement of the 
upper small intestine could not be excluded. Malabsorption of folic acid was 
found in only two other patients, and both had lesions of the jejunum; in 
Case 114 multiple Hodgkin’s sarcomata were distributed throughout the whole 
of the small intestine, and in Case 107 the malabsorption of folic acid occurred 
temporarily after the removal of 73 cm. of upper jejunum. In patients with 
Crohn’s disease, Cox, Meynell, Cooke, and Gaddie (1958) have drawn attention 
to the occurrence of malabsorption of folic acid in those cases in which the 
disease involves the upper small intestine. Their suggestion that folic acid is 
probably absorbed from the jejunum receives additional support from the above 
observations on the absorption of folic acid in patients with other types of 
anatomical lesion of the small intestine. 

The steatorrhoea which frequently occurs in patients with anatomical lesions 
of the small intestine cannot be satisfactorily explained. Although the loss of 
mucosal absorptive surface is an obvious cause in patients with massive re- 
sections of the small intestine, it may be debated whether the steatorrhoea in 
our patients with ileal resections can be attributed to the same mechanism. 
While conflicting results have been obtained from recent animal experiments 
designed to assess the relative importance of the jejunum and the ileum in 
normal fat-absorption (Kremen, Linner, and Nelson, 1954; Benson, Chandler, 
Vansteenhuyse, and Gagnon, 1956; Turner, 1958), experimental work in the 
normal human subject (Borgstrém, Dahlqvist, Lundh, and Sjévall, 1957) 
suggests that fat is absorbed mainly from the jejunum. It has been shown by 
Renshaw, Templeton, and Kiskadden (1946) that the steatorrhoea and diarrhoea 
which occur in the presence of a gastrocolic fistula do not result from large 
amounts of food by-passing the absorptive surface of the small intestine, but are 
related to contamination of the upper gastrointestinal tract by the faecal 
contents of the colon. In patients with strictures and anastomoses there is little 
doubt that the steatorrhoea results from the presence within the small intestine 
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of large numbers of bacteria which normally inhabit the colon. These organisms 
do not appear to cause a gross defect in the absorptive capacity of the intestinal 
mucosa, since it is usual to find that the absorption of folic acid is unimpaired, 
and that the malabsorption of vitamin B,, can be promptly corrected with 
tetracyclines. Fat-production by intestinal bacteria has been reported by 
Frazer and Sammons (1956), and is another possible cause of the increased 


VIII 


The Interpretation of Abnormal Results of Folic-Acid and Labelled- 
Cyanocobalamin Absorption Tests in Patients with Intestinal Malabsorption 
Examples of disease or 

abnormality 


Result of absorption test 
Malabsorption of labelled 
eyanocobalamin (other than 
Addisonian pernicious 
anaemia) which can be 
corrected by the adminis- 
tration of: 
(a) an intrinsic-factor pre- 
paration 


(6) antibiotic or surgical 
treatment, or both 


Malabsorption of labelled 
cyanocobalamin which can- 
not be corrected 


Malabsorption of folic acid 


Interpretation 


Failure of intrinsic-factor secretion 
due to gastritis or mucosal 
atrophy, or from the loss of 
gastric mucosa as a result of 
surgical resection 


(a) Bacterial uptake of cyanoco- 
balamin in stagnant loops of 
small intestine, or 

(6) Short-circuiting of ileum (main 
site of vitamin be, absorption) ; 
or both 

Loss of the main site of vitamin- 

B,, absorption from surgical 
resection of the ileum or from 
disease involving the ileum 


Failure of the absorptive capacity 
of the intestinal mucosa associ- 
ated with the presence of an ex- 
tensive mucosal lesion involving 
the upper small intestine 


Partial gastrectomy (Cases 81, 82, 
85, 86, 87, 92, 95, 99, and 100); 
terostomy (Cases 83, 88, 
and 98); total gastrectomy (Cases 
89 and 96); Addisonian pernici- 
ous anaemia and idiopathic 
steatorrhoea (Case 75) 

Strictures and fistulae of ileum 
(Cases 101 and 102); jejunal 
diverticulosis (Cases 107 and 
108); iteo-transverse colostomy 
(Cases 103 and 104); 


Resection of the lower ileum (Cases 
111 to 113, and Case - after 
removal of stagnant loops); 
tdi. (Cases 52, 

53, 55, 56, 63, 66, 69, 79, 71, and 


67, 68, 70 to 76) ; coeliac — 
persisting into adult life (Cases 
77, 78, and 79); tropical sprue 


(Case 80); Hodgkin’ sarcoma of 
small intestine (jejunum in- 
volved) (Case 114) 
faecal excretion of fat; the organisms which were isolated from the stagnant 
areas of the small intestine in Cases 101 and 107 were studied for evidence of 
fat-synthesis, and negative results were obtained. From these observations it is 
clear that further investigation is required to elucidate the causes of steatorrhoea 
in patients with anatomical lesions of the small intestine. 


The Diagnostic Value of Folic-Acid and Labelled-Cyanocobalamin 
Absorption Tests 


Recent advances in the treatment of intestinal malabsorption, which include 
the use of a gluten-free diet in coeliac disease and idiopathic steatorrhoea and 
the surgical treatment of particular types of anatomical lesions of the small 
intestine, make precise diagnosis a matter of considerable therapeutic import- 
ance. The data presented in Table VIII show that the combined results of 
folic-acid and labelled-cyanocobalamin absorption tests yield information of 


ee Idiopathic steatorrhoea (Cases 51, 
: 52, 54 to 59, 61, 63, 64, 66, 


364 A. DOIG AND R. H. GIRDWOOD 


diagnostic value in the majority of cases of intestinal malabsorption. In the 
Appendix case reports are given which illustrate the particular value of the tests 
in the diagnosis of intestinal malabsorption due to the presence of stagnant 
loops, and the criteria which we have adopted in the selection of such patients 
for surgical treatment. 
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factor concentrate by Dr. W. L. Williams of Lederle Laboratories Division, 
American Cyanamid Company. 
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APPENDIX 
Case Reports 


Case 101. A 39-year-old miner gave a history of left-sided abdominal dis- 
comfort, with borborygmi and occasional episodes of colicky pain, of 15 years’ 


duration. Eleven years later he started to pass frequent pale bulky stools, 
having previously tended to be constipated. Four years after the onset of 
steatorrhoea he complained of lassitude, glossitis, and the loss of 21 lb. in weight, 
and was admitted to hospital for investigation. The haemoglobin was 11-0 g. 
per 100 ml., red cells 3,250,000 per cu.mm., packed cell volume 33-5 per cent., 
mean corpuscular volume 103 cu.u, and mean corpuscular haemoglobin con- 
centration 32-8 per cent. The bone-marrow showed numerous transitional 
erythroblasts and occasional megaloblasts. In the augmented histamine test 
17-5 m-equiv. HCl were secreted in the post-histamine hour. Gastric biopsy 
revealed a normal mucosa. The average faecal fat excretion was 14-0 g. per day. 
Because of the symptoms, which suggested chronic intestinal obstruction, and a 
previous history of appendicitis and peritonitis at the age of nine years, the 
possibility of a stagnant-loop syndrome was considered. Barium follow-through 
examination was carried out, but failed to reveal any abnormality of the small 
intestine; barium enema examination was also negative. The test for pan- 
creatic function gave normal results: after secretin-pancreozymin stimulation 
the volume of the 80-minute duodenal aspirate was 202 ml., and the total 
outputs of bicarbonate and amylase were 17-3 m-equiv. and 388 Lagerléf units 
respectively. After treatment with folic acid and cyanocobalamin the glossitis 
disappeared and a normal blood picture was restored. The dietary intake of 
fat was reduced, but this failed to improve the steatorrhoea. The attacks of 
intestinal colic continued, and two further barium follow-through examinations, 
one with flocculating and the other with non-flocculating barium, were reported 
by the radiologist to show some dilatation of the lower ileum, but no other 
abnormality. The patient was readmitted to hospital six months later for absorp- 
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tion studies. On a dietary intake of 70 g. of fat per day the faecal excretion 
averaged 14-4 g. per day, and the faecal nitrogen excretion was 2-3 g. per day. 
The folic-acid test gave a normal result, the urinary output of folic acid after 
the 5 mg. subcutaneous dose being 2-4 mg., and after the 5 mg. oral dose 1-7 mg. 
(excretion index 71 per cent.). The glucose-tolerance curve was also normal. 
The absorption of Co-cyanocobalamin was found to be severely impaired, the 
faecal excretion of radioactivity being 99 per cent. of that contained in the oral 
dose. Further tests with Co-cyanocobalamin (Fig. 3) showed that intrinsic- 
factor preparations failed to correct the malabsorption of the labelled vitamin. 
Three days after the oral administration of a broad-spectrum antibiotic (chlorte- 
tracycline) the absorption of labelled cyanocobalamin returned to normal, and 
for the first time in five years the patient’s stools became normal in form and 
colour; this was reflected in the return to normal of the faecal fat and nitrogen 
excretion. The faecal excretion tests were repeated immediately after the eight- 
day course of antibiotic had been completed, and it was found that the absorp- 
tion of °*Co-cyanocobalamin and the faecal excretion of fat had again become 
abnormal (Fig. 3). Although a radiological diagnosis of organic disease of the 
small intestine could not be established, the demonstration of severe malabsorp- 
tion of cyanocobalamin which could be abolished by the administration of an 
antibiotic made the presence of a stagnant or blind loop virtually certain. The 
normal folic-acid and glucose absorption tests suggested that the intestinal 
stasis was not associated with extensive involvement of the mucosa of the small 
intestine. The diagnosis of a stagnant-loop syndrome with features of chronic 
intestinal obstruction having been made, laparotomy was advised. The opera- 
tion was performed by Mr. T. McW. Millar. There were one large and several 
smaller distended loops of lower ileum, which were bound together by dense 
adhesions. A small fistula was present between an adherent loop of jejunum 
(60 cm. from the duodenojejunal flexure) and one of the abnormal loops of 
ileum ; there were also several fistulae between the abnormal loops of ileum. 
After closure of the high fistula the abnormal ileum (90 cm.) was resected, and 
an end-to-end anastomosis was performed between proximal and distal ileum, 
the distal end of the anastomosis being 30 cm. from the ileocaecal valve. The 
resected ileum showed areas of constriction between the distended loops ; at two 
points the diameter of the lumen was less than 1 cm. On microscopical examina- 
tion there were non-specific subacute inflammatory changes at the strictures, 
but the remainder of the bowel revealed no significant abnormality. The 
adhesions and fistulae were attributed to the appendicitis and peritonitis in 
childhood. The post-operative course was complicated by a deep venous 
thrombosis in the left lower limb. The patient made a satisfactory recovery, 
and five months later he had gained 21 Ib. in weight, and had returned to his 
former occupation as a miner. He was reassessed two years after the operation, 
and found to be free from symptoms. There were one or two slightly bulky 
stools per day; the average daily faecal excretion of fat (dietary intake 70 g.) 
was 8-9 g., and the faecal excretion of nitrogen 4-9 g. per day. No folic acid or 
cyanocobalamin had been given since the operation, and the blood findings were 
as follows: haemoglobin 16-1 g. per 100 ml., red cells 6,010,000 per cu.mm., 
packed cell volume 51 per cent., mean corpuscular volume 84 cu.u, and mean 
corpuscular haemoglobin concentration 32 per cent.; the serum vitamin-B,, 
concentration, however, was less than 50uyg. per ml. The absorption of folic 
acid was normal, the urinary output of folic acid after the 5 mg. subcutaneous 
dose being 3-0 mg., and after the 5 mg. oral dose 2-5 mg. (excretion index 83 per 
cent.), but the absorption of 5*Co-cyanocobalamin was found to be impaired, the 
faecal excretion of radioactivity being 88 per cent. of that present in the oral 


| 


366 A. DOIG AND R. H. GIRDWOOD 


dose. On this occasion the administration of a broad-spectrum antibiotic 
(tetracycline) produced diarrhoea, with an increase in the faecal fat and nitrogen 
excretion (Fig. 3) and did not correct the malabsorption of cyanocobalamin. Since 
this assessment the patient has been given three-weekly injections of cyanoco- 
balamin, and he remains well. 


Comment. Although this patient had clinical features of a stagnant-loop 
syndrome, which included steatorrhoea, megaloblastic anaemia, symptoms of 
chronic intestinal obstruction, and a previous history of peritonitis, it was not 
possible by means of barium studies to establish the presence of organic disease 
of the small intestine. The finding of gross malabsorption of labelled cyanoco- 
balamin which could be corrected by antibiotic administration strongly sug- 
gested the presence of intestinal stasis, and the normal folic acid test was evidence 
against intestinal malabsorption of the sprue type. The surgical resection of 
90 cm. of lower ileum containing several stagnant loops was followed by clinical 
cure; the removal of the lower ileum resulted, however, in malabsorption of 
cyanocobalamin which could not be corrected by the administration of an 
antibiotic ; treatment with cyanocobalamin was therefore resumed. 


Case 102. A 46-year-old housewife was first admitted to Edinburgh Royal 
Infirmary at the age of 19 years because of intestinal obstruction. An ileo-ileal 
intussusception was found immediately above the ileocaecal valve, and had 
become gangrenous and perforated. An ileostomy was established, and the 
gangrenous bowel was exteriorized; two days later the intussusception was 
removed (approximately 40 cm. of ileum), and a month later an anastomosis 
was performed between the original ileostomy opening and the caecum. The 
patient made a satisfactory recovery, but did not regain her former weight, and 
experienced intermittent attacks of diarrhoea after the operation. Eleven years 
later she was readmitted with a macrocytic anaemia (haemoglobin 7-4 g. per 
100 ml., red cells 2,060,000 per cu.mm.), and her bone-marrow was found to be 
megaloblastic. The anaemia responded to injections of purified liver extract ; 
two years later a relapse occurred, and it was found that the liver injections had 
been discontinued after six months. Thereafter she received regular maintenance 
treatment with either liver extract or cyanocobalamin, and the blood findings 
remained normal. At the age of 43 years she developed pulmonary tuberculosis, 
and required a thoracoplasty in addition to chemotherapy. It was decided, after 
she had completed the antituberculous chemotherapy, to investigate the inter- 
mittent diarrhoea, which had persisted unchanged since her original bowel 
operation. The average daily faecal excretion of fat was 14-0 g., and of nitrogen 
1-6 g. The folic-acid absorption test gave a normal result, the urinary excretion 
of folic acid after the 5 mg. subcutaneous dose being 2-3 mg., and after the 5 mg. 
oral dose 2:7 mg. (excretion index 117 per cent.). The absorption of **Co- 
cyanocobalamin was impaired, the faecal excretion of radioactivity being 81 per 
cent. of that present in the oral dose. The gastric juice contained hydrochloric 
acid. The oral administration of tetracycline, 250 mg. four times daily for three 
days, corrected the malabsorption of 5*Co-cyanocobalamin, the faecal excretion 
of radioactivity falling to 43 per cent. of that present in the oral dose. When 
the labelled cyanocobalamin absorption test was repeated five months later, 
absorption was again found to be impaired, the faecal excretion of radioactivity 
being 81 per cent. The effect of other antibiotics on the malabsorption of 
56Co-cyanocobalamin is shown in Fig. 2. None of the antibiotics given, including 
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tetracycline, produced any significant difference in the faecal excretion of fat or 
nitrogen. Barium follow-through examination showed pooling of barium in 
stagnant loops of ileum. 


Comment. Since the malabsorption of labelled cyanocobalamin could be 
temporarily corrected by means of tetracycline, it was not possible to attribute 
the impairment in absorption to the resection of approximately 40 cm. of 
terminal ileum. The stagnant loops of ileum, which could be visualized radio- 
logically, were therefore considered to be responsible for the interference with 
cyanocobalamin absorption. It is probable that the mild degree of chronic 
malnutrition associated with steatorrhoea predisposed the patient to the tuber- 
culous infection. Although the folic-acid absorption test gave a normal result, 
suggesting the absence of extensive mucosal involvement of the upper small 
intestine, there were several reasons for not recommending surgical treatment in 
this case: the diarrhoea was not unduly troublesome to the patient, and her 
general condition was not deteriorating ; there were no symptoms of intestinal 
obstruction; normal blood levels could be maintained by cyanocobalamin 
therapy, and there was considerable uncertainty, in view of the previous 
peritonitis, whether it would be possible to relieve the intestinal stasis without 
an extensive resection of the intestine or the serious risk of subsequent com- 
plications from adhesions. 


Case 103. A 21-year-old woman was referred to the Blood Clinic during the 
38th week of her first pregnancy for the investigation of anaemia, which had 
failed to respond to an eight weeks’ course of iron by mouth. Her general 
condition was good and, apart from slight pallor of the mucous membranes, the 
only abnormality on physical examination was the presence of an old abdominal 
operation scar. She stated that the operation had been performed when she was 
nine years of age for Crohn’s disease. There had been no recurrence of abdominal 
symptoms since this operation, but she had noticed that her stools were pale in 
colour during the few months before starting iron therapy. The blood findings 
were : haemoglobin 9-8 g. per 100 ml., red cells 3,060,000 per cu.mm., packed cell 
volume 28 per cent., mean corpuscular volume 92 cu.u, and mean corpuscular 
haemoglobin concentration 35 per cent. The bone-marrow was megaloblastic. 
It was considered that the megaloblastic anaemia might be related to the previ- 
ous abdominal condition rather than to the pregnancy, and this possibility was 
favoured by the finding of an abnormally low serum vitamin-B,, concentration 
(less than 50yug. per ml.). Treatment with cyanocobalamin corrected the 
anaemia, the response being heralded by a fall of 125yug. in the serum iron 
concentration 24 hours after the first injection of cyanocobalamin. After the 
patient had been delivered of a healthy full-term female infant further investiga- 
tions were carried out. There was hydrochloric acid in the fasting gastric juice. 
By the urinary excretion method of Schilling the absorption of **Co-cyanoco- 
balamin was shown to be impaired, the urinary excretion of radioactivity being 
4-7 per cent. of that contained in the 0-5yug. oral dose. The folic-acid test gave 
a normal result, the urinary excretion after the 5 mg. subcutaneous dose being 
2-5 mg., and after the 5 mg. oral dose 1-7 mg. (excretion index 68 per cent.). 
The average daily faecal excretion of fat was 9-1 g., and of nitrogen 2-1 g. 
Barium follow-through examination demonstrated the presence of an ileo- 
transverse colostomy after 90 minutes; no other abnormality was noted. A 
barium enema confirmed the existence of an ileo-transverse colostomy. Because 
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of the early age of onset and the subsequent absence of abdominal symptoms, 
doubt was raised as to the accuracy of the original diagnosis of Crohn’s disease. 
Her previous case record was obtained, and revealed that the ileo-transverse 
colostomy had been performed for obstruction of the lower ileum ; ‘the lowest 
18 inches of the ileum was found to be bright red in colour, the wall was thickened 
and firm with oedema, and the mesentery was thickened also and contained 
numbers of inflamed glands’. Although these appearances were considered to 
be due to regional ileitis, they were equally typical of Henoch’s purpura (Balf, 
1951). Other relevant observations in the previous case record included a recent 
sore throat, from which haemolytic streptococci were grown on culture, a pete- 
chial rash occurring shortly before the onset of abdominal symptoms, and the 
development of acute haemorrhagic nephritis three weeks after the operation. 
These findings left little doubt that her previous abdominal condition had been 
Henoch’s purpura. It was thus considered unlikely that the patient now had 
any lesion of the small intestine other than the ileo-transverse colostomy. 
Although the patient was free from symptoms and in good general condition, 
surgical closure of the anastomosis was advised, in order to obviate the necessity 
of treatment with cyanocobalamin for life. The operation was performed by 
Mr. T. McW. Millar. The anastomosis lay 90 cm. from the ileocaecal valve, and 
was isoperistaltic in type, the ileal loop having been rotated through 180 degrees 
to fashion the anastomosis. The stoma was large, and the ileum immediately 
distal to the anastomosis was dilated and atonic; the remainder of the distal 
ileum showed no abnormality. The anastomosis was undone, and the normal 
continuity of the bowel restored. Two months after the operation the absorp- 
tion of labelled cyanocobalamin was shown to be normal, the faecal excretion 
of radioactivity being 52 per cent. and the urinary excretion 16 per cent. of that 
present in the oral dose. The faecal fat and nitrogen excretion also returned to 
normal, the daily averages being 3-1 g. and 1-3 g. respectively. 


Comment. The previous history of an operation for ‘Crohn’s disease’ suggested 
an alternative cause for the megaloblastic anaemia in this pregnant patient. 
The finding of a low serum vitamin-B,, concentration, malabsorption of labelled 
cyanocobalamin, and a haematological response to cyanocobalamin, made 
megaloblastic anaemia of pregnancy an unlikely diagnosis, and the presence of 
hydrochloric acid in the gastric juice virtually excluded the diagnosis of Addi- 
sonian pernicious anaemia. It was subsequently found that the patient had 
had an ileo-transverse colostomy performed for intestinal obstruction due to 
Henoch’s purpura. Normal continuity of the bowel was restored at a subsequent 
operation, and the absorption of cyanocobalamin returned to normal. In this 
patient treatment along the usual lines for megaloblastic anaemia of pregnancy 
would have been fraught with the danger of neurological complications. 


Case 105. A 45-year-old housewife was referred for absorption studies six 
years after a diagnosis of ‘malabsorption syndrome’ had been made. When she 
was originally investigated she had had recurrent diarrhoea, with the passage 
of pale bulky stools, for one year, and was found to have oedema of the lower 
limbs and anaemia ; it was also noted that she had had an abdominal operation 
six years previously, but its nature was not ascertained. The investigations 
which were performed at that time gave the following results: haemoglobin 
8-4 g. per 100 ml., red cells 2,770,000 per cu.mm. ; bone-marrow megaloblastic ; 
gastric juice, hydrochloric acid present ; average daily faecal excretion of fat 
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24-0 g.; plasma proteins, albumin 2-11 g. and globulin 1-95 g. per 100 ml. ; and 
on barium follow-through examination, dilatation of several loops of jejunum 
and ileum, but no fistulae visualized. On a high protein and low-fat diet the 
oedema disappeared ; although the attacks of diarrhoea persisted, they became 
less frequent and less severe. The anaemia responded to treatment with folic 
acid, and normal blood levels were maintained on combined folic-acid and iron 
therapy. When she was reinvestigated six years later there were no changes in 
the tongue or the nervous system, and she was not anaemic. The average daily 
excretion of fat was 10-6 g., and of nitrogen 4-0 g. The serum vitamin-B,, 
concentration was less than 50yupug. per ml. The absorption of **Co-cyanoco- 
balamin was impaired, the faecal excretion of radioactivity being 77 per cent. 
of that contained in the oral dose. After the oral administration of tetracycline, 
250 mg. four times daily for three days, the absorption of 5*Co-cyanocobalamin 
returned to normal, the faecal excretion being 36 per cent. The short course of 
antibiotic was followed by diarrhoea and perianal irritation, which lasted for a 
week. There was no evidence of impaired folic-acid absorption, the urinary 
output of folic acid after the 5 mg. subcutaneous dose being 4-2 mg., and after 
the 5 mg. oral dose 2-9 mg. (excretion index 69 per cent.). Shortly before these 
investigations had been completed the patient’s surgical case record was traced, 
and revealed that the previous abdominal operation was a jejuno-transverse 
colostomy, which had been performed to relieve an ileus resulting from a large 
pelvic abscess with peritonitis. 

Comment. The findings in this patient, who had a jejuno-transverse colostomy, 
suggest that the megaloblastic anaemia was solely the result of vitamin-B,, 
deficiency. It is of interest that she received folic acid for six years without a 
haematological relapse or the development of neurological complications. For 
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surgical treatment unless the patient’s condition deteriorated. 


Case 107. A retired policeman aged 61 complained of borborygmi and diar- 
rhoea, with pale stools, of one year’s duration. During this period he had become 
weak and emaciated. He had atrophic glossitis, and on abdominal examination 
peristalsis of small-bowel type was easily visible. There was evidence of sensory 
impairment in the lower limbs, and both ankle-jerks were absent. The blood 
findings were: haemoglobin 14-0 g. per 100 ml., red cells 5,250,000 per cu.mm., 
and serum vitamin-B,, concentration 70upg. per ml. Malabsorption of ®*Co- 
cyanocobalamin was demonstrated, the faecal excretion of radioactivity being 
90 per cent. of that present in the oral dose. The augmented histamine test 
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excretion of radioactivity, after 0-5ug. of **Co-cyanocobalamin had been given 
with 50 ml. of this patient’s gastric juice, was 42 per cent. of that contained in 
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excretion was 88 per cent. The glucose-tolerance curve was ‘flat’, but absorp- 
tion of folic acid was unimpaired, the urinary excretion of folic acid after the 
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(excretion index 94 per cent.). On a diet containing 70 g. of fat the faecal output 
averaged 11-8 g. daily ; the average daily faecal excretion of nitrogen was 1-6 g. 
Barium studies showed a spastic oesophagus, with a ‘corkscrew’ deformity and 
a giant duodenal cap. Laparotomy was performed by Mr. T. McW. Millar. Over 
a distance of some 70 em. of proximal jejunum there were multiple thin-walled 
diverticula, which arose from the mesenteric border and emptied readily on 
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pressure. Seventy-three cm. of jejunum, containing all obvious diverticula, 
were excised, and an end-to-end jejuno-jejunostomy was carried out. The 
patient’s post-operative recovery was slow, and was complicated by rupture of 
the abdominal wound and pneumonia. Two months after operation the faecal 
excretion of fat had returned to normal (average 5-8 g. per day on an intake of 
70 g.), and the absorption of cyanocobalamin was also normal, the faecal 
recoveries of radioactivity after 0-5yg. and 1-0yug. doses of the labelled vitamin 
being 51 and 54 per cent. respectively of that contained in the oral dose. The 
absorption of folic acid, which was normal before the operation, was now found 
to be abnormal, the urinary excretion of folic acid after the 5 mg. subcutaneous 
dose being 1-80 mg., and after the 5 mg. oral dose 0-75 mg. (excretion index 42 per 
cent.). Nine months after the operation there was a most striking improvement 
in the patient’s general condition ; he was free from symptoms, and had gained 
56 lb. in weight. This improvement was maintained, and two years later it was 
found that the absorption of folic acid had returned to normal (urinary excretion 
of folic acid after the 5 mg. subcutaneous dose 2-7 mg., and after the 5 mg. oral 
dose 2-4 mg. ; excretion index 89 per cent.). 


Comment. Jejunal diverticulosis in this patient was associated with steator- 
rhoea, vitamin-B,, deficiency, symptoms of chronic intestinal obstruction, and 
great loss of weight. Although there was achlorhydria and malabsorption of 
labelled cyanocobalamin, the demonstration of intrinsic-factor activity in the 
gastric juice excluded Addisonian pernicious anaemia. Normal folic-acid 
absorption suggested that the intestinal mucosa was not extensively involved. 
Laparotomy was performed because of the rapid deterioration in the patient's 
general condition, and the affected jejunum was resected. After the operation 
the absorption of folic acid was temporarily impaired. The absorption of 
cyanocobalamin and the faecal fat excretion both returned to normal, and the 
patient regained his normal weight. 


Summary 


1. The absorption of folic acid and labelled cyanocobalamin has been studied 
in 65 patients with intestinal malabsorption and in 50 control patients. Observa- 
tions have also been made on the faecal excretion of fat and nitrogen and on the 
absorption of glucose and xylose. Thirty patients had intestinal malabsorption 
of the sprue type (idiopathic steatorrhoea, coeliac disease, and tropical sprue), 
20 had features of intestinal malabsorption following gastric operations, and 
15 had intestinal malabsorption associated with the presence of an anatomical 
lesion of the small intestine. The 50 control subjects were hospital patients, 
including 25 with Addisonian pernicious anaemia. 

2. In intestinal malabsorption of the sprue type, folic-acid absorption was 
found to be impaired in the majority of cases (83 per cent.), whereas none of the 
patients with intestinal malabsorption following gastric operations was shown 
to have this defect, and only three of those with anatomical lesions of the small 
intestine. 

3. Malabsorption of cyanocobalamin occurred in 40 per cent. of the patients 
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with intestinal malabsorption of the sprue type, and this was usually, though not 
invariably, accompanied by malabsorption of folic acid. One patient was shown 
to have idiopathic steatorrhoea and Addisonian pernicious anaemia. 

4. The absorption of cyanocobalamin was impaired in 14 patients who had 
had gastric operations, and nine had developed megaloblastic anaemia. All 
14 had achlorhydria, and in every instance there was an improvement in the 
absorption of labelled cyanocobalamin when it was given with an intrinsic- 
factor preparation. Although the findings in these cases resembled those in the 
control patients with Addisonian pernicious anaemia, they differed in that the 
group as a whole showed a less severe degree of cyanocobalamin malabsorption, 
and in approximately half of them the faecal excretion of fat was increased. 

5. Thirteen of the 15 patients with anatomical lesions of the small intestine 
had defective absorption of cyanocobalamin. Where lesions such as strictures, 
fistulae, anastomoses, and diverticula had produced stagnation within the 
lumen of the small bowel, surgical treatment abolished the malabsorption of 
cyanocobalamin in some cases, whereas in others a temporary improvement in 
absorption followed the administration of a tetracycline antibiotic. Such an 
improvement in the absorption of cyanocobalamin could not be effected in cases 
in which 90 to 150 cm. of the lower ileum had been resected. 

6. Organisms isolated from stagnant areas of the small intestine at surgical 
operations were found to possess the ability to remove cyanocobalamin from a 
culture medium and, under suitable circumstances, to synthesize folic acid. 

7. Evidence is presented which supports the hypothesis that the jejunum is 
the main site of folic-acid absorption and the ileum the main site of vitamin-B,, 
absorption. 

8. In the biochemical detection of steatorrhoea the view has been confirmed 
that balance studies which require the facilities of a diet kitchen are unnecessary ; 
in the great majority of cases it is sufficient to measure the total amount of 
fat excreted in the faeces over a period of three or more days. 

9. Measurement of the faecal nitrogen excretion was found to be of little 
diagnostic assistance in the investigation of intestinal malabsorption. 

10. Malabsorption of xylose, and flat glucose-tolerance curves, occurred in 
the majority of patients with intestinal malabsorption of the sprue type, and 
in most instances these findings were associated with impaired absorption of 
folic acid. In several cases there were discrepancies between the results of the 
xylose- and glucose-absorption tests, and between the results of these tests and 
the folic-acid test. In every case of intestinal malabsorption of the sprue type, 
however, at least one of these three tests gave an abnormal result. The xylose- 
absorption test was found to be helpful in the investigation of carbohydrate 
absorption in two cases in which intestinal malabsorption was associated with 
diabetes mellitus. 

11. The combined results of folic-acid and labelled cyanocobalamin absorption 
tests are shown to offer diagnostic assistance in the majority of cases of intestinal 


malabsorption, especially where the routine methods of investigation fail to 
establish a diagnosis. 
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absorption in two cases in which intestinal malabsorption was associated with 
diabetes mellitus. 

11. The combined results of folic-acid and labelled cyanocobalamin absorption 
tests are shown to offer diagnostic assistance in the majority of cases of intestinal 
malabsorption, especially where the routine methods of investigation fail to 
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12. Case histories are given which illustrate the methods used in diagnosis 
and treatment of intestinal malabsorption due to the presence of stagnant loops. 

13. Some of the factors involved in failure to absorb folic acid and vitamin 
B,, in the various types of intestinal malabsorption are discussed. 
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FULMINANT ULCERATIVE COLITIS? 


By J. G. RANKIN, 8S. J. M. GOULSTON, R. W. BODEN, 
anp A. W. MORROW 


(From the Gastro-enterology Clinic of the Royal Prince Alfred Hospital, 
Sydney, Australia) 


With Plates 28 to 32 


Tue term fulminant colitis denotes a grave, explosive episode in the course 
of non-specific ulcerative colitis, with high fever, tachycardia, extreme toxaemia, 
rapid loss of weight, and varying degrees of diarrhoea, rectal haemorrhage, and 
abdominal tenderness and distension. The pathological picture is one of deep 
ulceration of the colon, extending into and beyond the deep muscular layers, 
and frequently associated with perforation and peritonitis. A fulminant episode 
may be the first indication of non-specific ulcerative colitis, or may occur later 
in the first attack, or during the course of established chronic disease. Spon- 
taneous recovery is the exception. Death usually takes place during the ful- 
minant phase, but a small number of patients improve after several weeks, 
while others pass into a more chronic, severe state, with death or recovery after 
many months. As the initial episode of ulcerative colitis, the condition may 
not be recognized until the patient is almost moribund. The present paper 
records our experience and reviews the literature on this subject. 


Patients Studied and Methods 


There were 22 patients with fulminant colitis, including two with entero- 
colitis, among 190 consecutive patients suffering from non-specific ulcerative 
colitis seen by members of the Gastro-enterology Clinic of the Royal Prince 
Alfred Hospital in the period 1950 to 1958. This incidence is similar to that of 
other reported series (Bockus, Roth, Buchman, Kalser, Staub, Finkelstein, and 
Valdes-Dapena, 1956; Hughes, 1958). In some of our patients, who had had 
continuous symptoms of colitis for several months before admission, it was 
impossible to determine at which stage the disease became fulminant; all, 
however, had fulminant disease at the time of admission or soon after. Patho- 
logical confirmation of the diagnosis was obtained at operation or autopsy in 
18 of the 22 patients. Patients were assessed clinically and divided into two 
groups, one consisting of those who had initial fulminant disease, and the other 
of those with a fulminant relapse of chronic colitis. The terms ‘initial’ and 
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‘relapsing’ will be used to describe these two groups. Investigations included 
sigmoidoscopy, haemoglobin estimations, total and differential leucocyte counts, 
serum proteins, serum electrolytes, liver function tests (total bilirubin, serum 
alkaline phosphatase, thymol flocculation, and zinc sulphate turbidity), routine 
agglutination reactions for specific infections, microscopic and cultural examina- 
tions of stools, and radiography, including plain X-rays of the abdomen, 
barium follow-through examination, and barium enema examination. 


Clinical Features 


There were slightly more patients with relapses than with initial attacks. The 
sex incidence was approximately equal, and initial attacks were seen from the 
second to the sixth decade. At this hospital there was very limited experience 
with ulcerative colitis in childhood, but, with the recent report of severe ulcer- 
ative colitis in a three-week-old infant (Coll and Stevenson, 1958), it seems that 
fulminant colitis may occur at any age. The largest single occupation group was 
that of rural workers (five patients). The frequency of fulminant disease in this 
group was similar to that found by Sloan, Bargen, and Gage (1950) in a survey 
covering all types of ulcerative colitis. 

Possible precipitating factors of psychological stress were associated with the 
onset of initial fulminant disease in two patients. In one patient symptoms 
commenced at a time when her parents failed to accept a suitor as a future 
son-in-law, and in the other they began with the arrival home from hospital of 
the patient’s wife and their first child. In fulminant relapses possible precipitat- 
ing factors were present in five patients. In one the relapse occurred soon after 
steroid therapy was begun; in the remaining four there were situations of 
mental stress—financial and domestic worries, severe family illness, worry over 
taxation returns, and concern at the suggestion that colectomy might be 
necessary for chronic colitis. In the patients with fulminant relapses the past 
history of colitis ranged from a few months to 19 years. It is probably significant 
that at least 10 of the 13 were quite well between exacerbations, so that con- 
tinuous chronic disease appeared unlikely to become fulminant, and patients 
with sudden sharp attacks, which lasted a few weeks or months, were those 
likely to have a fulminant relapse. 

The rapidity of onset and development of severe symptoms varied widely, 
but tended to be more sudden in the ‘relapsing’ than in the ‘initial’ group. The 
first symptom was usually diarrhoea, which in most cases was the bloody stool 
typical of ulcerative colitis, and varied from three motions a day to almost 
continuous diarrhoea with incontinence. There were, however, three ‘initial’ 
and two ‘relapsing’ patients who had a non-specific diarrhoea consisting of 
faecal fluid without blood. The absence of blood in the motions, especially if 
the rectum appears uninvolved or the site of only mild disease, throws doubt 
on the diagnosis and invites delay in treatment. It is evident that the charac- 
teristic ‘bloody flux’, best seen in the local and non-lethal form of the disease, 
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proctitis, may be entirely absent in the fulminant form, or at least for long 
enough to confuse the clinical picture and cause delay in treatment. 

All patients had, at the onset or later, tachycardia and fever. Extreme apathy 
and weakness was noted in those with excessive loss of fluid, electrolytes, and 
protein. Loss of weight prior to admission was related to the duration and sever- 
ity of the disease, and reached a maximum of 70 Ib. in five weeks (Case 20). 
Mild, colicky, lower abdominal pain was a frequent but slight symptom, usually 
accompanied by tenderness in the left lower quadrant of the abdomen. Marked 
rebound tenderness was seen in the absence of perforation or peritonitis. 
Impending perforation was usually accompanied by a sudden increase in 
abdominal tenderness with rebound tenderness. Moderate to pronounced 
abdominal distension, due to colonic dilatation, was seen in nine patients. We 
consider this to be an important clinical finding, and it will be discussed further 
in the section on pathology. 

Three cases of adrenal haemorrhage associated with severe ulcerative colitis 
have been reported previously (Rice-Oxley and Truelove, 1950; Wilson and 
Roth, 1953; Owen and Coleman, 1955). Adrenal insufficiency was seen after 
operation in Case 19. This patient had not received corticotrophin or steroids 
before operation. The state was manifested by extreme tachycardia, hypo- 
tension, and vomiting. There was hyponatraemia, which did not respond to 
sodium chloride infusions, and was associated with a high urinary output of 
sodium. When the patient was given deoxycorticosterone there was a rapid 
clinical and biochemical improvement. Another patient (Case 14) died from 
bilateral pulmonary emboli following ileostomy, and at autopsy the right 
suprarenal gland was necrotic. He had received steroids before and after 
operation, and showed no clinical features of adrenal insufficiency. 

Skin lesions were a common complication, and occurred in nine patients. 
Their overall incidence was greater than that recorded in surveys covering all 
types of non-specific ulcerative colitis. Hurst (1935) reported skin lesions in 
one of 40 cases, Sloan, Bargen, and Gage (1950) in 45 of 2,000 cases, and Rice- 
Oxley and Truelove (1950) 12 of 129 cases. The types of lesions were similar to 
those seen in other series, and included erythema nodosum, erythema multi- 
forme, chronic leg ulceration, allergic vasculitis, and staphylococcal infections. 
The two patients with purpura in our series were of interest. The tourniquet 
test was negative, and platelets and bleeding time normal. In both cases the 
rash involved the skin of the lower lateral aspects of the abdominal wall. The 
purpura appeared to be due to toxic capillary damage, and it is interesting that 
the site of the rash should overlie the segment of colon most severely ulcerated. 
Rice-Oxley and Truelove (1950) described a case of ulcerative colitis in which 
episodes of purpura and bruising occurred at intervals over a two-year period. 
They considered the lesions to be due to an immunological mechanism associated 
with an atypical coliform organism which was isolated from the stools. The 
case of allergic vasculitis had presented diagnostic difficulty for 10 years, and it 
was only during the last admission that the skin lesions were considered to be a 
complication of colitis. 
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The two cases of enterocolitis were indistinguishable clinically from the 
remainder. 


Investigations 

Sigmoidoscopy. The diagnosis of ulcerative colitis was confirmed by sig- 
moidoscopy in 13 patients, the appearances varying from mild proctitis to 
severe deep ulceration with pseudopolyps. One was reported as not having 
ulcerative colitis, and two cases were misdiagnosed as carcinoma of the rectum. 
Of the remaining patients, in whom the examination was not performed, three 
had the diagnosis established before admission. If the rectum is not involved, 
or is the site of mild disease, a misdiagnosis is possible and, furthermore, a 
rectum which one day shows changes typical of mild colitis may a few days later 
be the site of severe deep ulceration. Fig. 1 (Plate 28) shows the rectum in 
Case 18. It can be seen that there was almost complete shedding of the rectal 
mucosa. One week previously only a mild proctitis was present. 

Radiology. Barium enema examination was attempted in 13 patients during 
the fulminant attack, a diagnosis of colitis being made radiologically in 11. 
Several patients at the first examination were unable to retain the barium, 
and required repeated examinations. In nine patients either contra-indications 
to the examination were present, or a diagnosis of ulcerative colitis was made on 
previous radiological and clinical evidence. The place of the barium enema 
examination in the diagnosis of fulminant colitis is frequently limited, first 
because it may be technically most difficult, owing to bowel incontinence or a 
weak apathetic patient, and secondly because, even with a good examination, the 
interpretation may be incorrect. Furthermore, in the presence of abdominal 
distension or rebound tenderness, the examination may be dangerous because 
of the risk of perforation. 

In two patients barium was given orally, and follow-through examinations 
with serial X-rays gave satisfactory outlining of the diseased colon, and made it 
possible to establish the correct diagnosis where barium enema had failed. This 
procedure carries less risk, may give evidence of small bowel involvement if 
present, and is an alternative to barium enema in those patients in whom the 
latter procedure appears contra-indicated. Plain X-ray examination of the ab- 
domen was often of great assistance in diagnosis and assessment and, combined 
with the clinical and sigmoidoscopic features, gave confirmatory evidence, so 
that barium enema examination was unnecessary. In ulcerative colitis a variety 
of changes may be seen with this method: there may be outlining of a pipe-stem 
colon, thickening and irregularity of the bowel wall due to inflammation and 
ulceration, and pseudopolyps, all these changes being demonstrated by contrast 
with gas present in the colon. In addition dilatation may occur ; it may be in 
an apparently normal segment of bowel proximal to an area of deep ulceration, 
and usually in the transverse colon, or in a segment of severe ulceration. The 
latter form of dilatation is of more serious import than the former, and suggests 
impending perforation. 

Laboratory investigations. Serum agglutination reactions for specific infections, 


¥ 
3 
aS 
a3 
Pap 
> 
3 
. 
a 
¥ 
a 
val 
| 


FULMINANT ULCERATIVE COLITIS 381 


and stool cultures for pathogens, were negative in all cases. Stool cytology 
showed profuse leucocytes, with variable numbers of red cells. Anaemia and 
hypoproteinaemia were frequent, and hyponatraemia and hypokalaemia oc- 
curred in those patients in whom diarrhoea was most severe. No association 
could be found between hypokalaemia and colonic dilatation, as was suggested 
by Cohn, Copit, and Tumen (1956). An analysis of the information regarding 
the leucocyte counts showed that total values varied from 6,100 to 22,000 
per cu.mm. In all patients there was a marked shift to the left in the polymorph 
series, with the occasional appearance of primitive forms. Only four patients 
(Cases 4, 11, 14, and 15) had peritonitis, their maximum leucocyte counts being 
22,000, 6,100, 8,900, and 10,500 per cu.mm. respectively, and in three of these 
cases there was obvious perforation. It can be seen from Tables I and II, and 
from the patients mentioned above, that there was no relationship between the 
total leucocyte count or the neutrophil distribution and the presence of perfora- 
tion or peritonitis. ‘This finding is at variance with the view expressed by Lumb, 
Protheroe, and Ramsay (1955) that counts above 10,000 per cu.mm. indicate 
perforation of the colon or peritonitis. The high levels of white cells, and the 
shift to the left in the neutrophil series, can be adequately explained on the 
basis of acute inflammation and necrosis, and the physiological response to 
acute haemorrhage. 


Pathology 


There were six autopsy and 11 operation specimens of colon, and nine autop- 
sies were performed. The site of maximum disease was most frequently in the 
sigmoid or pelvic colon, but the rectum, descending colon, and transverse colon 
followed closely in order of frequency. The ascending colon and caecum were 
severely involved in just under half the cases. In two instances the small bowel 
was affected from the upper jejunum to the ileocaecal junction. 

Macroscopic appearances. Usually the peritoneal surface of the colon showed 
some degree of acute inflammation, with enlargement of the neighbouring 
lymph-nodes, but the external appearance of the colon was a poor guide to the 
presence or absence of colonic disease. Frequently ulceration of the mucosa was 
seen in areas where the colon appeared normal from its peritoneal aspect (Plate 
29, Fig. 3). The colonic wall was thin in areas of severe ulceration, and in three 
patients perforation, due to the extreme friability of the walls, occurred during 
colectomy. It isinteresting, in view of Brooke’s remarks (19566), that these three 
patients, and a fourth with similar findings at autopsy, all received cortico- 
steroids. Free clear fluid in the peritoneal cavity, in the absence of perfora- 
tion, was not an unusual finding in patients who showed marked local and 
rebound tenderness. Severe colonic dilatation, usually proximal to the splenic 
flexure, occurred in nine patients. Deep ulceration of the large bowel usually 
took a linear form, overlying the taeniae coli, and extended over several centi- 
metres ; transverse circular ulcerations were also common (Plate 29, Fig. 4). 
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The intervening mucosa was grossly oedematous, and often the site of super- 
ficial ulceration. Pseudopolyps were seen in most specimens, and usually 
resulted from deep ulceration with undermining of the adjacent mucosa (Plate 
29, Fig. 5; Plate 30, Fig. 6). Less frequently pseudopolyps were formed by 
granulation tissue. A similar process of undermining resulted in the formation of 
mucosal bridges, as seen in Cases 1, 16, and 22. Giant atypical ulceration was 
seen in Case 18. This man had a proctocolectomy for fulminant disease which 
appeared to be precipitated by steroid therapy. Throughout the large intestine 
were scattered large irregular ulcers with undermined edges, macroscopically 
resembling amoebic ulceration (Plate 28, Fig. 1; Plate 30, Fig. 7). The 
distribution of these ulcers was different from that described by us as typical of 
fulminant colitis, and the appearance of the colon was similar to that seen in 
the cases described by Texter, Legerton, Ruffin, Boyd, and Smith (1953) and 
Fierst, Robinson, Langsam, Werner, and Ingegno (1957). Both these groups of 
authors attributed these changes to treatment with corticotrophin or cortico- 
steroids. Spontaneous perforation of the colon occurred in three of our patients 
(Cases 11, 14, and 15), two of whom were receiving steroids. 

Microscopic appearances. The constant feature was deep ulceration of the 
colonic mucosa, extending into and beyond the muscle layers (Plate 31, Fig. 
8). The surviving mucosa was oedematous, and infiltrated by lymphocytes, 
plasma cells, eosinophils, and neutrophils. The ulcer bases were formed by 
necrotic colonic tissue densely infiltrated with inflammatory cells. These ulcers 
appear to have arisen from the troughs between the transverse rugae and from 
the mucosa overlying the muscular taeniae. This appearance has been described 
by McGovern and Archer (1957), who suggested that, as the mucosal folds 
between the troughs become swollen as a result of acute inflammation, the 
troughs are converted into narrow clefts, with extreme stretching in their 
depths. Eventually a break occurs in the mucosa, with ulceration, which ex- 
tends deep to the submucosa with undermining of the adjacent oedematous 
mucosa. Crypt abscesses, although often seen, seemed unimportant in the 
genesis of the deep ulceration. Warren and Sommers (1949) ascribed deep 
ulceration to necrosis or infarction following an arteritis involving the medium- 
sized submucosal vessels, the lesion at times being indistinguishable from poly- 
arteritis nodosa. Ihre (1956) reported that 5 per cent. of his cases showed 
changes similar to polyarteritis nodosa. Lumb and Protheroe (1958) failed to 
discover any primary vascular damage in their cases, and this also has been our 
experience. 

In two patients with relapse the small bowel was involved by an ulcerative 
enteritis which macroscopically and histologically resembled the lesions of 
fulminant colitis (Plate 31, Fig. 9). Such cases are uncommon, and these two 
appear to be very similar to the one reported by Brooke (1954); this author 
stated that the condition was an enterocolitis which could occur in a severe and 
acute form, although a chronic low-grade disease was more common. 

Dilatation of the colon was noted in nine patients (Cases 5, 8, 12, 14, 15, 16, 17, 
19, and 22). Dilatation was occasionally seen throughout the entire large bowel 
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(Plate 32, Fig. 10), but was more frequently segmental and proximal to the 
splenic flexure (Plate 28, Fig. 2). It was associated with perforation and 
peritonitis in only two patients (Cases 14 and 15). This complication of dilata- 
tion of the whole or a portion of the colon in fulminant colitis has often been 
described, and has been taken as indicating severe disease with deep ulceration 
and impending perforation (Lumb, Protheroe, and Ramsay, 1955 ; Brooke 19566 ; 
Bockus, Roth, Buchman, Kalser, Staub, Finkelstein, and Valdes-Dapena, 
1956; Dukes and Lockhart-Mummery, 1957; Lumb and Protheroe, 1958). It 
has been generally accepted as an absolute indication for early surgery, but some 
patients have recovered with medical treatment (Cases 5 and 12) (compare 
Madison and Bargen, 1951). In other large series colonic dilatation is not 
mentioned (Warren and Sommers, 1949; Sloan, Bargen, and Gage, 1950) ; but, 
as Lumb, Protheroe, and Ramsay (1955) emphasized, unless one is conscious of 
the importance of this sign it will frequently be missed. The dilatation has been 
ascribed to numerous factors. Bockus, Roth, Buchman, Kalser, Staub, Finkel- 
stein, and Valdes-Dapena (1956), on histological examination of the dilated 
segment of colon from one of their patients, found a complete absence of 
ganglionic plexuses in the submucosa and deep muscular layers in many areas, 
and marked degenerative changes in others. They used the term ‘aganglionic 
megacolon’ to describe the mechanism associated with this dilatation. In our 
cases of dilatation of the colon which came to pathological examination, gangli- 
onic plexuses were seen in the submucosal and muscular layers of the dilated 
and undilated areas. Lumb and Protheroe (1958) described 12 cases of dilata- 
tion; there was widespread inflammation, causing destruction of the muscle 
coats, in the dilated areas, and in every case dilatation was greatest in the trans- 
verse colon. At operation all their specimens showed evidence of acute per- 
foration, or chronic adhesions between the colon and anterior abdominal wall 
suggesting past perforation. In our patients the areas of colonic dilatation 
frequently did not coincide with the site of most severe ulceration. We have 
found that the area of colon proximal to the site of most severe disease was that 
usually dilated (Plate 28, Fig. 2; Plate 32, Fig. 11). It seems possible that 
damage to ganglionic plexuses in areas of severe ulceration causes dilatation in 
the proximal colon, through a mechanism similar to that seen in Hirschsprung’s 
disease. We agree that in some instances dilatation is due to severe destruction 
of muscle layers in the dilated segment. Two of our patients with gross dilata- 
tion recovered without surgery (Cases 5 and 12) (see Plate 32, Figs. 12 and 13). 
Associated lesions. Peritonitis occurred only in patients with relapse, and was 
a fatal complication in the four affected. Three of these patients (Cases 11, 14, 
and 15) had perforation and peritonitis, and one (Case 4) developed peritonitis 
without obvious perforation. Major pulmonary complications were responsible 
for five deaths after operation, there being four instances of thrombosis or 
embolism of the pulmonary arteries, and one of bilateral pulmonary collapse. 
One of the patients not operated upon (Case 15) had a Staphylococcus pyogenes 
lung abscess and bronchopneumonia. Severe fatty infiltration of the liver was 
found at four necropsies. Another patient (Case 19) showed a transient rise in 
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serum alkaline phosphatase of 24 King-Armstrong units per 100 ml., with a 
bromsulphthalein retention of 10 per cent. at 45 minutes. These values returned 
to normal after operation, and it is possible that they indicated an episode of 
pericholangitis associated with portal bacteriaemia (Boden, Rankin, Goulston, 
and Morrow, 1959). 


Treatment and Results 


Supporting therapy, consisting of rest in bed, blood transfusions, intravenous 
infusions of proteins, water, and electrolytes, antibiotics, and a diet ade- 
quate in caloric value if and when tolerated, may bring about a striking im- 
provement leading to ultimate remission (Bockus, Roth, Buchman, Kalser, 
Staub, Finkelstein, and Valdes-Dapena, 1956; Madison and Bargen, 1951). 
In our series 10 patients received prolonged conservative therapy. Three had 
complete remissions (Cases 1, 5, and 20) and the remainder came to surgery, with 
five post-operative deaths. 


TABLE III 


Results of Treatment of Fulminant Colitis 


Number 
Form of treatment of cases Deaths 
Supporting therapy only ° ° 
Supporting therapy and steroids 
Surgery: 
Total number . 
Tleostomy 


Ileostomy and subtotal colectomy ‘ 
lleostomy and proctocolectomy 
Within one month of commencing treatment 

More than one month after commencing treatment 


wo 


Total number of patients treated 22, with 11 deaths. ; 
Three more recent patients have had ileostomy and proctocolectomy for fulminant colitis, 
and all have recovered. 


Corticosteroids and corticotrophin. Ten patients received steroid therapy. 
There were two remissions, both occurring in patients with ‘initial’ disease, 
who have remained well over the subsequent two years. In the other eight 
this form of therapy either had no effect on the colitis or appeared to increase 
its severity. Two died (Cases 8 and 15) without other treatment, and six patients 
were subjected to surgery. In two of these six steroid covering therapy for 
elective surgery was carried out within two weeks of the onset of the fulminant 
phase, and both recovered. In the remaining four patients conservative therapy 
with steroids was maintained, in two of them for periods longer than one month, 
despite a continuous deterioration, and all died after operation. Of the two 
patients who received steroid therapy and died without coming to operation, 
in one (Case 8) death was due to cachexia, starvation, and severe disturbance of 
electrolyte balance, and in the other (Case 15) to multiple staphylococcal 
abscesses and peritonitis. In the cases subjected to operation deaths were due 
to a variety of causes: in Case 9 to a ruptured abdominal wall and septicaemia, 
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in Case 11 to peritonitis and pulmonary artery thrombosis, in Case 16 to bilateral 
pulmonary collapse, and in Case 22 to irreversible lesions in the nervous system 
following cardiac arrest during the operation. There were, in all, nine major 
complications possibly attributable to corticosteroids, including four instances 
of extreme friability of the colon, two of spontaneous perforation of the colon, 
one of giant atypical ulceration, one of disseminated staphylococcal infection, 
and one instance of cardiac arrest. 

Surgery. The types of operation performed and the results of treatment are 
shown in Table III. Nine of the 15 patients who underwent operation died. 
There appeared to be several reasons for this high mortality, in particular the 
severity of the disease, and the persistence with unsuccessful medical treatment 
for long periods. With delay the patients’ general condition deteriorated further, 
and the risks of operation and post-operative complications increased. The high 
incidence of pulmonary artery embolism or thrombosis is notable, and was no 
doubt related to severe disease, prolonged confinement in bed, and the added 
risk of an abdominal operation. Three of the seven deaths occurring after 
surgery was delayed for longer than one month were due to this complication. 
Although the actual causes of death varied, it was significant that all were 
associated with prolonged supporting or unsuccessful steroid therapy. The last 
four patients, in whom early surgery has been an elective treatment, have 
recovered. Three of them had ileostomy and subtotal colectomy, and the fourth 
patient proctocolectomy. Since this paper was originally prepared three further 
patients have had elective proctocolectomy for fulminant disease, and have 
recovered. The success of these seven consecutive operations contrasts with the 
previous high mortality of nine deaths in 11 patients.? 


Discussion 

Initial fulminant colitis, especially when it occurs without blood-stained 
diarrhoea, may cause confusion in diagnosis, and failure in recognition fre- 
quently results in delayed or incorrect therapy. The diagnosis should be con- 
sidered in any patient suffering from persistent diarrhoea, with or without 
haemorrhage, when associated with tachycardia and fever. There may be 
vomiting, colicky lower abdominal pain, local tenderness over the colon with a 
‘release’ sign, and abdominal distension associated with colonic dilatation. 
Toxaemia and loss of weight are invariable, and frequently severe. The condi- 
tion must be differentiated from bacillary dysentery, salmonella infections, and 
amoebic dysentery. Diagnoses considered at various stages in our cases included 
septicaemia, miliary tuberculosis, carcinoma of the rectum, periarteritis nodosa, 
and psychosis. The diagnosis should be less difficult in patients with relapses, 
as there is usually a typical history of past non-specific ulcerative colitis, in some 
cases confirmed by sigmoidoscopy and barium enema examination. A normal 
barium enema in the past or even during the fulminant relapse does not, 
however, exclude the diagnosis of ulcerative colitis. Skin lesions may occur in 
patients with fulminant initial or relapsing disease, and are very common in the 
* See also Addendum, page 389. 
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latter. If this is not realized patients may be considered to be suffering from 
some generalized disease in which the colonic lesions, although recognized, are 
thought not to be of primary importance. 

A correct diagnosis can usually be established on the clinical features, specific 
infections having been ruled out by routine agglutinations and examination of 
the stools for pathogens. Sigmoidoscopy will reveal changes due to ulcerative 
colitis in most cases, but a variety of appearances is consistent with the diagnosis 
of fulminant colitis. The rectum may appear normal if not involved by the 
disease. If colitis is present in this region, the picture may be that of oedema, 
granularity, haemorrhage, and shallow ulceration in varying degrees of severity, 
as seen in non-fulminant cases. Finally there may be deep ulceration or pseudo- 
polyp formation, with mucosal remnants. Sigmoidoscopy is of value because it 
will in most cases confirm the clinical impression of ulcerative colitis and, if 
deep ulceration or pseudopolyps are seen, an absolute diagnosis of fulminant 
disease is possible. In a few patients the diarrhoea may be so torrential that the 
mucosa cannot be properly examined, but persistence and patience may enable one 
to carry out a satisfactory examination. Valuable evidence of ulcerative colitis 
can also frequently be obtained from plain X-rays of the abdomen, so that barium 
enema is frequently not necessary, and may even be contra-indicated. Other 
investigations which may be of value in the diagnosis and assessment include 
haemoglobin estimation, a total and differential white-cell count, the estimation 
of serum proteins and serum electrolytes, liver function tests, stool cytology, 
follow-through examination of the small bowel, rectal biopsy, collection of stools 
for fat estimation, and studies of ™I-labelled triolein absorption. 

There has been considerable controversy as to the relative merits of support- 
ing therapy, alone or with steroids, and surgery. Our chief objection to manage- 
ment by supporting therapy alone is the constant doubt as to the ultimate 
outcome. As time passes the opportunity for successful surgery may well be lost, 
for as a last measure it carried a very high mortality in the present series, 
and this disadvantage has been emphasized by others (Crile, 1953 ; Lahey, 1953 ; 
Brooke, 1956a; Dukes and Lockhart-Mummery, 1957). 

Diverse views have been expressed as to the value of steroid therapy, and its 
indications, in ulcerative colitis. Initial reports were both disappointing (Dear- 
ing and Brown, 1950; Rossmiller, Brown, and Ecker, 1951) and encouraging 
(Kirsner and Palmer, 1951; Machella and Hollan, 1951; Gray, Reifenstein, 
Benson, and Young, 1952). Steroids have now been used in this disease for eight 
years, and reports have confirmed the early promise in some instances, but also 
indicate potential and unexpected hazards. Truelove and Witts (1955) reported 
that all forms of colitis, when treated with steroids for the first time, showed a 
better response than a similar control group given supporting therapy. In 
commenting on this series, however, Truelove (1956) remarked that any patient 
in whom surgery had appeared likely to be necessary was excluded. He sum- 
marized his attitude to steroid therapy by indicating that, in the absence of a 
frank deterioration in the patient’s condition, it should be continued for at least 
two weeks, and that if no improvement occurred in three to four weeks the drug 
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should be discontinued. After 18 months, however, Truelove and Witts (1955) 
found that only the initial attacks treated with cortisone showed an advantage 
over the controls. Kirsner, Sklar, and Palmer (1957) found an immediate 
beneficial effect in 85 per cent. of cases, followed by a recurrence of symptoms 
in 70 per cent., and that repeated courses of steroids produced less striking 
responses. In both series (Truelove and Witts, 1955; Kirsner, Sklar, and 
Palmer, 1957) the trend suggested more favourable results in patients who had 
initial attacks of mild or moderate disease. Fierst, Werner, and Fisher (1957) 
could detect no significant difference in response between a group of patients 
receiving cortisone and a similar group treated with antibiotics. The general 
picture of the value of corticotrophin and steroids in ulcerative colitis seems to 
be that they significantly benefit about 70 to 80 per cent. of the patients in the 
initial stages of the disease, but that 70 per cent. of these patients will relapse 
in one to two years. The response to treatment is less promising the longer the 
patients are followed. 

The published evidence in favour of the use of steroid therapy in fulminant 
colitis is less conclusive. It was recommended by Hayes and Kushlan (1956), 
Cullinan and MacDougall (1956), and Sklar, Kirsner, and Palmer (1957). The 
last-mentioned authors, however, reported four cases, in their group of patients 
treated with steroids, in which operation became necessary because the disease 
became fulminant. The incidence of serious complications of steroid therapy 
differs widely in reported series. There seems no doubt that hazards are intro- 
duced which are otherwise avoided. Indeed, it appears that in some cases the 
progress of the disease is hastened by steroid therapy. Complications which 
have been particularly stressed include extreme friability of the colon with lack 
of normal] inflammatory response, resulting in perforation and peritonitis, the 
features of which are usually masked, giant atypical ulceration, aggravation 
and acceleration of the disease and, finally, secondary infection (Halsted, Adams, 
Sloan, Walters, and Bassett, 1951; Tulin, Kern, and Almy, 1952; Texter, 
Legerton, Ruffin, Boyd, and Smith, 1953; Hayes and Kushlan, 1956; Brooke, 
1956); Fierst, Robinson, Langsam, Werner, and Ingegno, 1957). In our 
experience steroid therapy has a limited place in the treatment of fulminant 
ulcerative colitis. It may produce a striking remission in a patient with initial 
disease ; but, if there is no such response, steroids may complicate the manage- 
ment by delaying surgery, masking symptoms, introducing complications, and 
occasionally causing sudden progression of the disease. Furthermore, post- 
operative complications are likely to be more frequent and severe. 

Our management of patients with fulminant ulcerative colitis, based on the 
experience recorded above, is to carry out full supporting therapy for a period 
of two weeks. If at the end of this time there is no significant improvement, or 
deterioration has occurred, surgery is undertaken. Deficiencies of water, 
electrolytes, protein, vitamin, and haemoglobin are corrected with appropriate 
therapy. Oral feeding is desirable, but the quantity of foodstuffs will depend on 
the severity of the disease and on accompanying features such as nausea and 
vomiting. Because improvement has been observed in patients with non- 
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fulminant ulcerative colitis receiving poorly absorbable sulphonamides, such as 
phthalylsulphathiazole, we recommend their administration during this two- 
week period. Before operation, parenteral broad-spectrum antibiotics, with or 
without oral administration, appear to be of value in combating seconddty 
infection and sterilizing the bowel. Corticosteroids are given only to those 
patients who have previously received them. During this period of supporting 
therapy a close watch is kept on the pulse, temperature, and number of stools 
passed, and on the presence or absence of abdominal tenderness and distension. 
Continued estimations of haemoglobin, serum protein, and electrolytes, are an 
additional guide as to the patient’s condition. 

Certain absolute indications for surgery may occur at any time. They are: 
clinical evidence of impending perforation ; actual perforation and peritonitis ; 
deep ulceration or pseudopolyp formation, seen either in the rectum at sig- 
moidoscopy or demonstrated in the colon by barium examinations ; and severe 
continuous haemorrhage. We agree with most authors (Ripstein, Miller, and 
Gardner, 1952; Crile, 1953; Lahey, 1953; Brooke, 1954, 1956a; Dukes and 
Lockhart-Mummery, 1957; Hughes, 1958) that the operation of choice is 
ileostomy and subtotal colectomy or proctocolectomy. In our last seven 
consecutive patients this has been a successful procedure. Others (Cattell, 1953 ; 
Cattell and Coleock, 1955) have suggested that ileostomy alone should be per- 
formed if there is no improvement within four to seven days of commencing 
medical treatment. In the moribund patient, or in the presence of an adherent 
disintegrating colon, ileostomy may be the only feasible procedure (Brooke, 
19565). The recent improvement in our results may be attributed to elective 
early surgery, and to a great appreciation of the pre-operative and post- 
operative requirements for the successful management of such patients. 


We wish to thank the anonymous donor who supports the Gastro-enterology 
Clinic; the Honorary Medical Officers of the Royal Prince Alfred Hospital, 
who permitted us to see and report patients under their care; Dr. V. J. 
McGovern, for his advice on pathology; the staffs of the Fairfax Institute of 
Pathology and the Department of Radiology; Mr. 8S. Woodward-Smith, of the 
Department of Medical Artistry, University of Sydney, for photographs of 
specimens ; and Professor C. R. B. Blackburn for his criticism and advice. 


Summary 


Of 190 consecutive patients with ulcerative colitis, 22 were seen in the ful- 
minant phase of the disease. The clinical features, investigations, pathology, 
treatment, and results are analysed and discussed. 

The relative merits of conservative therapy, with or without the administra- 


tion of corticosteroids, and the place of surgery, are discussed with reference to 
published reports. 
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It is recommended that patients with fulminant colitis should be given a trial 
period of supporting therapy for two weeks. Surgery should be undertaken as 
soon as possible if there are signs of impending perforation, perforation and 
peritonitis, severe continuous haemorrhage, pseudopolyp formation, or deep 
ulceration, or if there is no notable improvement at the end of the two-week 
period of supporting treatment. 

To ensure the best results in managing such patients a team of physician, 
surgeon, and anaesthetist is essential. 


Addendum 


With the addition of three more patients, 10 have now had elective 
ileostomy and colectomy for fulminant ulcerative colitis. In this group of 
three there has been one death, that of a young girl who had been ill at home 
for many months, and also suffered from cirrhosis of the liver. She died 
several weeks after the operation from hepatic failure and peritonitis. 
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Fic. 1. Case 18. Rectum showing almost complete 
shedding of the mucosa. Sigmoidoscopy one week 
previously had revealed a mild proctitis 


ic. 2. Case 19. Plain X-ray of the abdomen 

showing dilated caecum and ascending and trans- 

verse colon outlined with gas. This dilatation was 

proximal to the area most severely ulcerated, which 

was in the descending and pelvic colon. (See 
Fig. 11) 
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Fic. 3. Case 19. Isolated areas of deep 
ulceration near the hepatic flexure. 
The surrounding mucosa and the ex- 
ternal appearances of the colon proxi- 
mal to the sigmoid were normal 


Fic. 4. Case 16. Pelvic colon showing deep 
transverse and longitudinal ulceration, with 
the formation of mucosal bridges 


Fic. 5. Case 22. Transverse colon showing 
pseudopolyposis and ulceration 
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Fic. 6. Case 1. Section of colon removed eight years after an attack of fulminant 
ulcerative colitis. The specimen shows pseudopolyps, mucosal bridges, and re- 
epithelialization of the ulcerated areas 


7. Case 18. Descending colon showing giant atypical ulceration 
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Fic. 8. Case 2. Photomicrograph showing deep ulceration of the colonic mucos: 


Fic. 9. Case 2. Photomicrograph showing ulcerative enteritis 
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Fic. 10. Case 15. Plain X-ray of the abdo- 
men showing the entire dilated colon out- 
lined with gas 


Fic. 12. Case 12. Post-evacuation film of barium 

enema showing extreme dilatation of the caecum 

and ascending colon, which are filled with barium, 

and the outlining of a dilated descending colon 
with gas 
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Fig. 11. Case 19. Operation specimen showing 

severe ulceration of the pelvic and descend- 

ing colon, with isolated lesions elsewhere. 

There was colonic dilatation proximal to the 
splenic flexure. See Fig. 2 


Fic. 13. Case 12. Post-evacuation film two years 

later, showing normal size and pattern in the 

caecum and ascending colon, with the changes 
characteristic of mild colitis elsewhere 
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RECURRENT FOCAL NEPHRITIS?! 


By J. H. ROSS 
(From The London Hospital) 


With Plates 33 and 34 


NoN-SUPPURATIVE focal glomerulonephritis is believed to be a complication 
which may accompany a variety of infections, chemical poisons, and allergic 
reactions to drugs (Allen, 1951; Fishberg, 1954). It is not a well-defined entity, 
but is diagnosed when haematuria, proteinuria, and urinary casts are observed 
at the height of an infection without oedema, hypertension, or impairment of 
renal function. The renal histology has been described infrequently because of 
the usually benign course of the disease. Scheidemandel (1913) first described 
the condition, and Volhard and Fahr (1914) discussed acute and chronic forms 
(herdformige Nephritis) in their monograph on renal diseases. Baehr (1926) 
observed 14 patients, aged 15 to 42. years, with ‘a benign and curable form of 
haemorrhagic nephritis’, and noted the tendency to recurrence and prolonged 
haematuria. He divided his patients into two groups. One group had recurrent 
episodes of haematuria which lasted for a few days only, and which were 
preceded, from one to eight days, by mild sore throats; between episodes of 
frank haematuria the urine was normal, or contained an excess of red blood- 
cells. The other patients were seldom conscious of sore throats, and had haema- 
turia, of insidious onset, sometimes persisting for several months. In both 
groups loin pain and slightly increased frequency of micturition were sometimes 
associated with the haematuria; no hypertension, oedema, or elevation of 
blood-urea concentration were noted, and excretion of phenolsulphonephthalein 
was normal. Baehr frequently found streptococci in the throats of his patients. 
Elimination of foci of chronic infection led to a temporary increase of haema- 
turia (also described by Scheidemandel, 1913) and then to its complete dis- 
appearance. Addis (1925) discussed focal glomerular nephritis briefly, and stated 
that some patients, observed for many years, developed hypertension and 
uraemia, and that their kidneys were indistinguishable histologically from those 
of patients with diffuse glomerular nephritis who had been seen during an 
initial acute stage. He considered focal glomerular nephritis to be only the 
‘latent stage of haemorrhagic Bright’s disease’. Payne and Illingworth (1940) 
reviewed in detail the literature concerning focal nephritis, and reported the 
results of a study of 301 children with acute nephritis and 64 seen in later stages. 


1 Received July 23, 1959. 
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They concluded that acute focal nephritis was not a clinical entity, having 
found that there were no differences in intervals between infection and onset 
of the disease, in nitrogen retention, or in prognosis, between those children who 
developed oedema (considered to have diffuse nephritis) and those who did not 
(considered to have focal nephritis). 

The ‘type 1 nephritis’ of Ellis (1942) included cases presenting acute haemor- 
rhagic nephritis and those which came to notice in the late stages, with hyper- 
tension and renal failure, without any history of an acute attack. This concept 
presupposes that there must be many cases, intermediate between these two 
extremes, whose onset could be represented by the occurrence of one or more 
of the well known features, haematuria, proteinuria, oedema, hypertension, 
and nitrogen retention. It is, in fact, not uncommon to recognize an attack 
of acute nephritis only in retrospect, when a patient has recovered from an 
episode of hypertension accompanied by slight proteinuria. If type 1 nephritis 
can manifest itself in so many different ways, it is obviously unreasonable to 
regard focal nephritis as a condition separate from type 1 nephritis merely on 
the basis of haematuria occurring alone without any of the other features. 
Ellis (1942) also described acute focal nephritis, and had observed recurrences 
of haematuria in 11 of 35 patients; proteinuria persisted between recurrences 
in two patients, who later died with hypertension and uraemia. Davson and 
Platt (1949) mentioned 19 patients who had gross haematuria, associated with 
infection, without oedema or hypertension. All recovered, but four had recur- 
rences with subsequent infections; none, however, developed signs of chronic 
renal disease, although observed for several years. 

Group A haemolytic streptococcal infections, especially those due to type 12 
streptococci, have been recognized as the usual precursors to acute diffuse or type 
1 nephritis (Rammelkamp and Weaver, 1953 ; Wilmers, Cuncliffe, and Williams, 
1954; Rammelkamp, 1957). This does not, of course, exclude the possibility that 
they could also be responsible for a histologically focal form of the disease, or a 
clinical variant characterized by haematuria alone, but little work has been 
done to differentiate focal nephritis on bacteriological or immunological grounds. 
Bates, Jennings, and Earle (1957), however, have provided fresh clinical, im- 
munological, and histological evidence for the condition, although they did 
not call it ‘focal nephritis’. They reported a study of acute nephritis following 
pharyngitis in 10 patients, in nine of whom ‘clinical and immunologic evidence 
ruled out recent group A haemolytic streptococcal infection’. They compared 
this group with another 11 patients in whom acute nephritis definitely followed 
group A haemolytic streptococcal infection. The first group had shorter latent 
periods between infection and the onset of nephritis, and a greater incidence of 
gross haematuria, but a smaller incidence of hypertension, oedema, or impair- 
ment of renal function tests. Their haematuria persisted longer than protein- 
uria, and in seven cases was present for over 100 days. Renal biopsy specimens 
showed glomerular damage which was milder, and considered to be more focal, 
in this group than in the patients with preceding streptococcal infection. Bates, 
Jennings, and Earle suspected that virus infections had been responsible for 
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the mild cases but, although one patient was believed to have had a viral 
pneumonitis, no cold haemagglutinins were found in any case, and throat 
washings from five patients and renal biopsy material from one did not yield 
adenovirus. Serum complement was often decreased in the group with nephritis 
of suspected viral origin for many weeks after the cessation of proteifuria. 

When there are recurrent attacks of focal nephritis, the condition could be 
confused with chronic diffuse nephritis. The conditions are, however, quite 
distinct since, although recurrent haematuria may occur with diffuse nephritis 
(it occurred in 10 per cent. of the patients studied by Ellis, Evans, and Wilson), 
it is accompanied by the other signs of progressive renal disease. There have 
been no detailed descriptions of the clinical features of the recurrent condition 
apart from Baehr’s (1926), and the only histological observations reported were 
from one of the patients in the present series (Ross and Ross, 1957). 


Patients and Methods 


Since 1945, 12 patients considered to have recurrent focal nephritis have been 
seen at The London Hospital ; in three the episodes of haematuria occurred only 
before the first attendance at hospital, and these cases are not included in the 
present study. During the same period type 1 nephritis has been diagnosed on 
about 350 occasions, and acute focal nephritis on five occasions. Patients with 
single attacks of acute focal nephritis are less likely to reach hospital than those 
with the two other conditions, and these figures do not, therefore, represent 
the true relative incidences. Eight patients have been observed in the nephritic 
clinic of The London Hospital at regular intervals, and have been admitted 
during attacks of haematuria or for more detailed investigations. The ninth 
patient was seen by the author only while she was an in-patient, but her pro- 
gress at other times has been well documented. 

The degree of proteinuria in single specimens of urine has been measured 
approximately by boiling urine acidified with dilute acetic acid ; the result has 
been recorded as nil, a cloud, or a ‘granular’ deposit, or as an estimate of the 
fraction of the total specimen formed by the settled precipitate. The guaiacum 
test has been used to detect small amounts of blood in the urine, and microscopic 
examination of the deposit from clean or catheter specimens has been made 
frequently. Renal function has been estimated by measurements of blood urea, 
maximum urinary concentration of urea, and in some instances creatinine 
clearance. Renal biopsy specimens have been obtained from five of the nine 
patients by the technique of Kark and Muehrcke (1954) with minor modifica- 
tions (Ross and Ross, 1957). No complications, other than increased haematuria 
for 24 hours in one patient, were observed. The renal tissue was fixed in formol 
saline, and sections cut 5 yu thick were stained with haematoxylin and eosin, 
by van Gieson’s method, with an elastic stain, and with Heidenhain’s azan or 
by the periodic-acid-Schiff method. 
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Clinical Features 


Sex and age (Table 1). Seven of the nine patients were male. The first episode 
of frank haematuria occurred under the age of 10 years in five patients, between 
10 and 20 years in three, and at over 20 years in one. Only one patient (Case 2) 
was admitted during the first episode to The London Hospital, where the presence 
of blood in the urine was confirmed. The onset in the other patients was dated 
from the description by them or their parents of obvious blood in the urine 
(Cases 1, 3, 5, 8, and 9), urine ‘like port wine’ (Case 7), and dark urine (Cases 
4 and 6). 

TABLE I 


Number of Episodes of Frank Haematuria 


Duration of 
Age at follow-up Number of episodes Interval between 
Case onset in since onset of frank last episode and 
number Sex years (years) haematuria latest follow-up 
M 14 At least 7 8 months 
M At least 10 1 year 
M At least 7 3 months 
M y 4 1 month 
M At least 9 1 year 
M 5, possibly 6 34 years 
M At lvast 12 9 years 
F 3 4 months 
F Very numerous 7 months 


The duration of observation since the onset of the condition (Table I) varies 
from two to 31 years. Seven patients have continued to have episodes of frank 
haematuria up to within one year of the latest follow-up; one (Case 7) has had 
no episode for nine years, after having at least 12 within two years, and one 
(Case 6) had five or six episodes during 27 years, and has had none during a 
further three and a half years. 


TABLE II 


Disorders Recorded as Initiating Episodes of Haematuria and their Frequency 
Case number 


Disorder 4 6 


Chickenpox . ‘ 1 


+ indicates ‘on many occasions’, 


The frequency of episodes of frank haematuria has varied from almost nightly 
observations of blood-stained urine during one year (Case 9) to only five or six 
widely separated episodes in 27 years (Case 6). The urine of some of the patients 
was, however, smoky-red with blood, or contained many red blood-cells on 
microscopic examination, at times when they denied haematuria. An episode 
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of obvious haematuria may therefore represent an exacerbation of a persisting 
‘subclinical’ condition. 

Associated symptoms. Table II shows the disorders which the patients or their 
parents associated with the episodes of frank haematuria. Details were not 
obtained for every episode, and it is likely that the occasions on which haema- 
turia occurred without any precipitating factor are underestimated. Sore 
throats and colds in the head initiated the majority of episodes, and it is possible 
that ‘feverish attacks’ and ‘’flu’ were also varieties of upper respiratory infection. 
The intervals between the onset of the initiating disorders and the subsequent 


TABLE III 


Intervals between Initiating Disorder and Haematuria 


Case number Disorder Interval in days 


Sore throat Same day 
Tooth extraction 
Cold in head 
Cold in head 
Sore throat 

‘ "flu 

Sore throat 

Cold in head 
Cold in head 
Sore throat 


e day 


frank haematuria were recorded precisely on 10 occasions (Table III), and were 
never more than seven days. In several other instances, when exact information 
was not recorded, the interval was stated to be several days. Headache, pain 
in the neck, unilateral or bilateral loin pain, increased frequency of micturition, 
‘burning’ on micturition, and general malaise were all recorded as occurring 
with the haematuria. One boy (Case 3) described the pain in the loin as re- 
sembling the discomfort felt after renal biopsy. Oedema was not reported 
spontaneously, or on direct questioning, except by the parents of one girl (Case 
9), who described puffiness of the patient’s ankles on several occasions; this 
sign was not observed, however, during a long period which she spent in hospital 
with haematuria. 

Physical signs during episodes of haematuria. All the patients except one (Case 
8) were admitted to hospital during or soon after episodes of haematuria (14 
admissions). The only abnormal signs were occasional slight pallor, inflamma- 
tion, without exudate, of the fauces or tonsils with associated enlargement of 
tonsillar lymph glands, and transient splenomegaly (on two occasions in Case 
2, one occasion in Case 4, one occasion in Case 6, and two occasions in Case 7). 
Slight initial pyrexia was recorded on eight of the nine admissions to hospital 
which followed soon after the onset of haematuria; it was rarely above 100° F, 
and usually resolved within two days. Hypertension was never observed during 
the attacks of haematuria. No oedema was observed at any time except in one 
patient (Case 6) who, about 10 days after the onset of haematuria, developed 
swelling of the face, arms, and legs with erythema and pruritus. Bullae appeared 
on the palms of his hands, with subsequent epidermal exfoliation. The oedema, 
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which was considered to be angioneurotic, resolved rapidly when cortisone 
(200 mg. daily for six days) was given, but recurred for three days six months 
later. 


Urinary Findings (Table IV) 


Proteinuria was occasionally not found in Cases 1, 2, 3, 4, and 7 up to nine 
years after the onset. All these patients, however, except one (Case 1) appear 
subsequently to have had persistent proteinuria. One patient (Case 6) was not 
observed until 25 years after the first presumed episode of haematuria, and on 
occasions, during the first two months of his six years’ subsequent observation, 
no protein was found in the urine. One patient (Case 5) was not seen at The 
London Hospital within two years of the onset, but was known to have had 
persistent proteinuria for four months after the initial attack, as well as during 
the last three and a half years of observation. Another (Case 8) was not seen 
until 14 years after the onset, and proteinuria has persisted during four years 
of observation. In Case 9 proteinuria had been present throughout a three-year 
course (frequent observations were made at another hospital during the first 
year). Observations made on early morning specimens of urine excluded ortho- 
static proteinuria. 

Urinary deposit. In Case 7 red blood-cells were not found in the urinary 
deposit in the only two specimens examined during the last nine years. The 
other eight patients have always had an excess of red cells in numerous speci- 
mens examined between episodes of frank haematuria. Granular and cellular 
casts and an excess of leucocytes have been found occasionally, also in the 
absence of frank haematuria. 

The guaiacum test is not very sensitive, and is usually positive only when the 
urine can be seen to be faintly smoky-red. It is mentioned here because it has 
been used throughout as a rough estimate of haematuria. It is of interest that 
the test was positive for four months in Case 6, although haematuria was not 
noticed, and for six months in Case 5, although blood was seen in the urine on 
only one occasion. 

Urine culture. Since the urine was found to be sterile on numerous occasions 
during attacks of frank haematuria, it seems unlikely that infection was the 
cause. The organisms present (Table IV) were probably contaminants. Culture 
for tubercle bacilli was negative in five cases (Nos. 1, 3, 4, 7, and 9). 

Investigation of the urinary tract. Cystoscopy was performed on five patients. 
No bladder abnormalities were found in Cases 1, 3, 5, and 7, but blood was seen 
coming from both ureteric orifices in Cases 1 and 3. Cystoscopy during the 
second episode of haematuria in Case 4 showed infection of the trigone, oedema 
around the left ureteric orifice, and a piece of cotton, whose presence was unex- 
plained, in the bladder: the patient’s urine was sterile on that occasion and 
also, one year later, when cystoscopy showed slight generalized cystitis. Intra- 
venous pyelography was performed in all cases except Case 6, and showed no 
abnormalities. 
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Blood-pressure 


Slight hypertension developed in Case 7 during the last two years of observation, 
measurements of 150/90, 160/110, 150/110, and 190/90 mm. Hg being recorded at 
the age of 17 to 18 years; previously his blood-pressure at out-patient attend- 
ances had been 105/70 to 120/80 mm. Hg. This hypertension has been associated 
with the return of slight proteinuria, which had been absent during the previous 
four years, but the results of renal function tests have remained normal. 
Occasional slight hypertension was noted in another patient (Case 9) during the 
first year of her disease (up to 150/110 mm. Hg at the age of eight years), but 
since then measurements have been normal. The blood-pressure of the other 
seven patients has remained within normal limits both during and between 
episodes of frank haematuria. 


Renal Function Tests 


Temporary slight increase of blood urea has occurred in Cases 1, 2, and 4, 
associated with normal urea concentration in the urine. In Case 9 a blood-urea 
concentration of 70 mg. per 100 ml. was found at another hospital while the 
patient was receiving prednisone ; normal levels have been present since, but her 
maximum urea concentration in the urine was only 16-2 g. per litre on the one 
occasion when it was measured at The London Hospital. Another patient (Case 
8) also had a low maximum urea concentration in the urine (14-4 g. per litre) 
on one occasion during the last year of observation, when her blood urea was 39 


mg. per 100 ml. No impairment of renal function has developed in any other 
patient. 


Bacteriological Investigations 


No detailed investigations were planned in advance, and the exclusion of © 
bacterial or virus infection of the respiratory tract or elsewhere as a cause of the 
haematuria is therefore not complete. Cultures of throat swabs or washings 
were made from all patients except one (Case 8) during haematuria. Normal 
flora were grown on one or more occasions in all cases, but HL. coli was grown 
twice in Case 1 (as well as from sputum), haemolytic streptococci twice in 
Case 2, and a haemolytic strain of Haemophilus parainfluenzae once in Case 3. 
Antistreptolysin titres were 100 units or less in Cases 1 and 2 during haematuria, 
and in Cases 3, 5, and 8 when there was no frank haematuria. In Case 3 agglu- 
tination tests for adenovirus showed a significant rise from a titre of 16 on the 
fourth day of haematuria to over 64 on the 22nd day ; they were not performed 
in any other case. 


Other Investigations 


Slight anaemia was observed in five cases during or after episodes of frank 
haematuria (haemoglobin 9-8 g. per 100 ml. in Case 1, 10-2 g. in Case 2, 10-5 g. in 
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Case 3, 10-8 g. in Case 7, and 11-7 g. in Case 9). The erythrocyte sedimentation 
rate (Wintrobe) was not raised above 20 mm. in one hour in Cases 2, 3, 4, and 9 
during haematuria, but was 35 mm. in one hour in Case 6 on one occasion during 
the second week of haematuria ; it was not recorded in the other cases. Bleeding 
times were normal in Cases 1, 5, and 7, coagulation times were normal in Cases 
1, 7, and 9, and prothrombin concentrations were normal in Cases 1 and 5, during 
haematuria. Plasma-albumin and -globulin concentrations were normal in 
Cases 1, 2, 4, 5, 6, and 8, and plasma-cholesterol concentrations were normal in 
Cases 1, 2, 4, and 8. 


Treatment 


Only one patient (Case 1) received treatment with steroids at The London 
Hospital; 40 mg. of prednisone were given for two days, and smaller doses for 
a further 20 days, without any decrease in haematuria. One patient (Case 9) 
received short courses of small doses of prednisone at another hospital, also 
without any reduction of haematuria. Penicillin was given intramuscularly for 
short courses, or orally for long periods, in Cases 1, 2, 3, 5, 8, and 9. Frank 
haematuria appeared or persisted during this treatment in all the patients 
except one (Case 8), who received oral penicillin for three months at a time 
when she was already free from haematuria, and remained so. Tonsillectomy 
was carried out in four cases. In Case 2 haematuria, which had persisted for 
one month, ceased on the day after tonsillectomy, but recurred four months 
later and on numerous subsequent occasions. In Case 5 tonsillectomy did not 
influence persistent haematuria. In Case 7 tonsillectomy was performed four 
months after the last episode of frank haematuria, at a time when there was only 
a slight excess of red cells in the urinary deposit; no further episodes have 
occurred during nine years’ observation. In Case 3 tonsillectomy has recently 
been performed, at a time when there was no haematuria. 


Histological Features 


Renal biopsy specimens were obtained from five patients (Cases 1, 2, 3, 5, and 
9). The duration of the condition and degree of haematuria present at the time 
of biopsy are shown in Table V, and the histological features are summarized 
in Table VI. The following definitions are used (Muehrcke, Kark, Pirani, and 
Pollak, 1957): 


Local: referring to lesions affecting one or more areas within a glomerulus. 

Diffuse: referring to lesions affecting diffusely each involved glomerulus. 

Focal: referring to lesions either local or diffuse, but affecting only some 
glomeruli. 

Generalized: referring to lesions, either local or diffuse, affecting all glomeruli. 


Cases 2, 3, and 5 showed focal glomerular lesions and slight focal increase of 
interstitial tissue, but no tubular abnormalities, apart from blood or blood casts 
within the lumina in Case 5 (Plate 33, Fig. 1), the only instance among these 
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TABLE V 


Condition of Patients at Time of Renal Biopsy 
Duration of Number of episodes 


Case Age condition at of frank haematuria Guaiacum test at 
number in years time of biopsy prior to biopsy time of biopsy 


1 


2 
3 
5 
9 


15 18 months At least 6 Positive 
15 9 years At least 8 Negative 
9 months 3 Negative 

3 years At least 6 Positive 

14 months Very numerous Positive 


three of a patient who had frank haematuria at the time of biopsy. The glomer- 
ular lesion in all these patients was local hypercellularity of the tuft, with 
adhesion to Bowman’s capsule and, in some instances, slight local thickening 
of the basement membrane and increase in intercapillary material (Plate 33, 


Case 1 


TaBLE VI 
Summary of Histological Features in Biopsy Specimens 


Glomeruli: Up to 25 present in sections. 


Tulnr 


4 abnormal with one or more of the following features: 

Thickened Bowman’s capsule. 

Dilated capsular space. 

Shrunken tuft. 

Slight local hypercellularity of the tuft. 
Remainder normal apart from tenuous capsular adhesions, prominent capsular 
cells, and local hypercellularity. No basement-membrane thickening. No excess 
polymorphs in tufts. Red cells in capsular space of one glomerulus. 
idles: Occasional dilated tubules with flattened cells and eosinophile or red-cell casts 
(Plato 34, Fig. 4). Slight focal tubular atrophy. 


Interstitial tissue: Diffuse increase, with collagen and focal chronic inflammatory cell 


infiltration. A few scattered polymorphs. 


Blood-vessels: Normal arterioles. 
Medulla: None present. 


Case 2 


Glomeruli: Up to 14 present in sections. 


Tuln 


1 with shrunken partially fibrotic tuft adherent to capsule, with surrounding 
lymphocyte infiltration. 

1 with shrunken tuft adherent to capsule. 

3 with capsular adhesions and slight local hypercellularity (1 with local basement- 
membrane thickening). Remainder normal apart from tenuous adhesions. 

No excess polymorphs in tufts. 

idles: No abnormality. No blood in lumina. 


Interstitial tissue: Slight increase only in area of glomerulus with surrounding lympho- 


cytes. 


Blood -vessels: Normal. 


Med 


Case 3 


wla: Normal. 


Glomeruli: Up to 9 present in sections. Slight generalized diffuse hypercellularity (Plate 


34, Fig. 5). Half of one glomerular tuft consisting of cells with large pale nuclei 
and eosinophile cytoplasm adherent to capsule (Plate 33, Fig. 2). Many tenuous 
adhesions with local prominence of tuft and capsular cells. No basement-membrane 
thickening. No excess polymorphs in tufts. 


Tubules: Normal. No blood in lumina. 
Interstitial tissue: Slight spidery focal increase. 
Blood-vessels: Normal, including arcuate vessels. 
Medulla: Normal. 
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Case 5 


Glomeruli: Up to 23 present in sections. 4 
Nine normal ; local lesions in remainder, with hypercellularity, adhesion to Bowman’s 
capsule, increase in intercapillary material, prominent capsular cells, and occasional 
polymorphs (Plate 33, Fig. 1). Red cells in some capsular spaces. No basement- 
membrane thickening. 

Tubules : Red cells in some convoluted tubules, and red-cell casts in some dilated collecting 
tubules (Plate 33, Fig. 1). 

Interstitial tissue: Focal increase, with fibroblasts and fine collagen. 

Blood vessels: Normal. 

Medulla: None present. 


Case 9 


Glomeruli: Up to 17 present in sections. 
The majority with one or more local areas of hypercellularity and increased inter- 
capillary material, often adherent to Bowman’s capsule, giving an appearance of 
‘lobular’ tufts (Plate 33, Fig. 3). Red cells in some capsular spaces. Slight peri- 
glomerular fibrosis. Occasional dilatation of perigliomerular lymphatics. Basement 
membranes thickened only in association with the local lesions. No excess polymorphs 
in tufts. 

Tubules: Normal apart from an occasional eosinophile granular cast. 

Interstitial tissue: Focal periglomerular and perivascular fibrosis. 

Blood-vessels: Normal. 

Medulla: Normal. 


Fig. 1). The shrunken and partially fibrous glomeruli in Case 2 may represent 
the ‘healed’ remnants of similar lesions. In the specimen from Case 3 (Plate 33, 
Fig. 2) half a glomerulus consisted of cells with large pale nuclei, resembling the 
changes seen occasionally in focal embolic glomerulonephritis or with dissemin- 
ated lupus erythematosus. Polymorphonuclear leucocytes were seen in slight 
excess in the glomeruli only in Case 5. The degree of renal damage in these three 


cases cannot be correlated with the duration of the condition or the number of 
episodes of frank haematuria; the duration had been longest (nine years) in 
Case 2, in which the kidney showed least damage. 

The glomerular lesions in Case 9 were similar to those already described, 
but were more numerous within individual glomeruli and more generalized, 
almost giving the appearance of a ‘diffuse’ glomerulonephritis (Plate 33, 
Fig. 3). Polymorphonuclear leucocytes were not present in excess in the tufts, 
and the tubular.structure was normal, but there was focal perivascular and 
periglomerular fibrosis. The severity of the lesions could perhaps be correlated 
with frank haematuria, which had persisted almost continuously for 14 months. 

The most prominent feature in the specimen from Case 1 was the increase in 
interstitial tissue, with focal inflammatory cell infiltration and slight tubular 
atrophy (Plate 34, Fig. 4). The glomerular lesions, mentioned in Table VI, 
could all have been ischaemic in origin and related to the surrounding inter- 
stitial reaction; they were similar to those found with chronic pyelonephritis 
or in arteriosclerotic kidneys. Local hypercellularity and adhesion of the tuft 
were not striking in any glomerulus. 

Brewer’s medium was inoculated from the renal biopsy needle in three cases. 
No growth was obtained in Cases 5 and 9, and Staphylococcus saprophyticus, 
probably a contaminant, was grown in Case 1. 
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Discussion 

It cannot be claimed that the renal condition described in these nine patients 
is, as yet, a well-defined clinical or histological entity, but there are many 
features which provide a marked contrast to acute diffuse haemorrhagic 
nephritis. Recurrences of haematuria may follow acute diffuse nephritis, but 
the initial and the subsequent episodes are usually accompanied by hyperten- 
sion, oedema, and nitrogen retention; such recurrences occurred in 17 of 173 
patients observed by Ellis, Evans, and Wilson. Persistent haematuria also 
occurs in diffuse nephritis, but is usually associated with the ‘rapidly progressive’ 
course and increasing renal failure. 

Although the bacteriological evidence in these nine cases is not complete, 
it appears that haemolytic streptococcal infection was an unusual cause of the 
haematuria and, as far as the clinical evidence was reliable, no specific organism 
was responsible. The intervals between initiating disorders and frank haema- 
turia in these patients (Table III) were much shorter than those described in 
acute diffuse nephritis (Ellis, 1942). This fact also suggests a different aetiology. 
It is of interest that virus agglutination tests, which were made in only one 
instance (Case 3), showed evidence of adenovirus infection during one episode 
of frank haematuria. Bates, Jennings, and Earle (1957) found no evidence of 
adenovirus in six of their patients with acute focal nephritis, although they 
suspected that viral infection was responsible for the condition. They had found 
only three well-established reports of acute glomerulonephritis following pre- 
sumed viral infections (Herbut, 1944; Saldan, 1932; Cohen, 1955); two cases 
followed vaccination for smallpox, and. one was associated with infectious 
mononucleosis. A fourth case was reported by Barwell (1955), who described 
the only known instance of infection of man with virus of enzodtic abortion of 
ewes ; the patient, a woman aged 35 years, developed pneumonia and haematuria, 
which persisted for about one week, unaccompanied by oedema or hypertension, 
and was considered to have acute focal nephritis. 

The frequent finding of microscopic haematuria between episodes of frank 
haematuria suggests that the disorder may be present for long periods in a 
‘dormant’ form, and that frank haematuria may be only the manifestation of 
an exacerbation—perhaps a form of anamnestic reaction to a variety of infec- 
tions. The persistent proteinuria may be evidence of past damage to nephrons, 
or could also be due to a chronic condition of low activity. It is even possible 
that microscopic haematuria and proteinuria were present before the first 
episodes of frank haematuria in some cases. It is also possible that patients 
who are diagnosed as having chronic type 1 nephritis without any history of an 
acute attack may have suffered from a similar long-standing and slowly pro- 
gressive disorder. Recurrent focal nephritis may also be responsible for the 
haematuria diagnosed as ‘essential’ in certain young subjects, who are liable to 
be subjected to repeated cystoscopy in order to exclude disease of the lower 
urinary tract. Complete urological investigations are, however, important, as is 
illustrated by the following case report (not included in the present series) : 
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A man aged 20 years had three episodes of haematuria, with right and left 
loin pain, during 14 months. There was slight pyrexia with one episode, but no 
history of any associated infection, and no casts were found in his urine. He had 
had acute nephritis at the age of three years. Intravenous pyelography at the 
time of the second episode showed no abnormalities. On renal biopsy there were 
local areas of hypercellularity with adhesions in several of 23 glomeruli, but no 
blood in the tubules. After a further episode of haematuria, bilateral ureteric 
calculi were found on intravenous pyelography ; one was passed spontaneously, 
and the other was removed. The focal renal lesions may have been related to his 
earlier nephritis. 


The characteristic histological feature of the condition appears to be inflam- 
matory lesions, local within the glomeruli and focal in the kidney (if the renal 
biopsy specimens are accepted as representative samples of kidney tissue). The 
glomerular changes in Case 9 were more diffuse and generalized than in the 
other cases, and were compatible with the persistent frank haematuria which 
had been observed. The comparative lack of glomerular lesions in Case 1 was 
surprising in view of the frank haematuria at the time of biopsy and the finding 
of red-cell casts within the tubules. Such focal glomerular lesions as have been 
described can, of course, be found in several unrelated renal disorders. They 
may be the most striking feature in biopsy specimens from patients with the 
nephrotic syndrome, before generalized basement thickening and ‘interca- 
pillary’ hyalinization appear (Ross and Ross, 1957; Joekes, Heptinstall, and 
Porter, 1958 ; Ross, 1959). They may also occur in the nephritis of disseminated 
lupus erythematosus (Muehrcke, Kark, Pirani, and Pollak, 1957). Similar 
features have even been described in biopsy material from young and healthy 
subjects by Bergstrand and Bucht (1958). The glomerular lesions are not, 
therefore, in any way specific, but they differ strikingly from those described in 
renal biopsy specimens in acute diffuse glomerulonephritis by Bates, Jennings, 
and Earle (1957), Hutt, Pinniger, and de Wardener (1958), and Brun, Gormsen, 
Hilden, Iversen, and Raaschou (1958). Fig. 6 (Plate 34) shows a typical 
glomerulus from a biopsy specimen from a man aged 48 years with diffuse 
glomerulonephritis. The specimen was obtained one month after the onset of 
the disease, during a period of improvement; there was a subsequent relapse 
with haematuria, increased hypertension, and nitrogen retention, but eventual 
recovery. All the glomeruli were hypercellular, with an excess of polymorpho- 
nuclear leucocytes in the tufts, and with fibrillar material resembling basement 
membrane between the capillaries. Some of the lesions found by Bates, 
Jennings, and Earle (1957) in nine of their 10 patients with focal nephritis were 
similar to those described in the present paper, but less severe. This difference 
could perhaps be correlated with the single acute episodes of haematuria in their 
series and the recurrent or long-persisting nature of the condition now reported. 
But comparisons between series, possibly selected by differing criteria, are 
difficult, for, whereas the London Hospital patients had no oedema or definite 
impairment of renal function, these features were present in a few patients of the 
other group. 

The condition has run a long and benign course in some of my patients in 
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spite of persisting proteinuria, and may presumably continue to do so unless 
further structural damage in the kidneys eventually impairs renal function or 
initiates hypertension. The antibiotic treatment and the brief courses of steroids 
do not appear to have influenced the activity of the disease. The ultimate 
prognosis is different to assess, but complete recovery in the presence of histo- 
logical lesions such as those described in Cases 1 and 9 seems most unlikely. It is 
also difficult to determine the value of hospital treatment and rest during frank 
haematuria. One patient (Case 5) made a walking tour of 120 miles during one 
week, at a time when the urine guaiacum test was persistently positive, without 
suffering any obvious ill effects. Restriction of normal activities certainly 
appears unjustifiable when the patients are feeling well. The records of nine 
London Hospital patients considered to have recurrent focal nephritis before 
1940 have been studied in an attempt to assess ultimate prognosis. Seven have 
not been traced, but two died, and post-mortem material was available: 


1. A man aged 26 years first noticed haematuria in July 1933. In the follow- 
ing four years he had repeated episodes, associated with upper respiratory 
infections, with no oedema, hypertension, or impairment of renal function tests ; 
proteinuria was persistent. Tonsillectomy in November 1934 did not modify 
the episodes. In 1937 hypertension developed. In 1938 papilloedema was 
observed, and he died early in 1939 with uraemia. There was a reduction in the 
number of the glomeruli in sections of his contracted kidneys, and those surviv- 
ing showed proliferative and necrotic tuft lesions with prominent cellular 
crescent formation; areas of hypertrophied tubules alternated with areas of 
interstitial fibrosis and tubular atrophy, and there was marked arterial and 
arteriolar hypertrophy. 

2. A girl aged 12 years developed haematuria after a headache and vomiting 
in 1932. She had repeated episodes of a similar nature, which led to the diagnosis 
of recurrent focal nephritis, but after 1934 oedema was frequently noted, with 
very heavy proteinuria and hypoproteinaemia. Hypertension and renal failure 
developed in 1937, and she died in 1941 with papilloedema and uraemia. Her 
contracted kidneys, weighing 128 g. together, showed the lesions of chronic 
type 2 nephritis, the majority of the glomeruli appearing as fibro-hyaline disks 
surrounded by dense interstitial fibrosis ; ‘intercapillary’ hyalinization, thicken- 
ing of the basement membrane, and great capsular thickening were present in 
the surviving glomeruli. 


The histological features in the first of these two patients were those of type 1 
nephritis of considerable intensity, and the severe hypertensive and nephritic 
lesions which had occurred before death masked any evidence of an earlier focal 
condition. The second patient developed the nephrotic syndrome after two 
years of recurrent haematuria, and her subsequent progress, and the histo- 
logical findings, leave no doubt that the renal disease was type 2 nephritis. 
Recurrent haematuria is certainly an unusual mode of presentation of type 2 
nephritis, but it is impossible to say whether it represented a preceding and 
independent focal condition. The suggestion that diffuse nephritis may follow 
focal nephritis has been made by Rusby and Wilson (1960), who describe the 
development of renal disease in a boy with lung purpura; serial renal biopsies 
showed focal glomerular lesions, associated with haematuria and proteinuria, 


~ 
uart 
Pe 
~ 
. 
> 


(0€Z ‘uIsoe puv ‘oovds (ORF “reponu eyed -ur st onssy Buryjoeyoo ur 
ey} Ul per ‘ajnsd¥o 0) SUOISeYpR  YILM JO JO ‘ovRds PUL PeyNJOAUOD oY} UT Par are 


4 


Vol, XXIX, New Series, Pl. 33 


= 
> 
= 
> 


, 
: 


> 


Quarterly Journal of Medicine - XXLX, New Series, Pl. 3 


Basement - 


nbrane stains showed fibrillar intercapillary material 
(Haematoxylin and 


300) 


eosin, 


A diffusely over-cellular glomerular tuft, with an 
polymorphonuclear leucocytes. 


of 


6. 
resembling basement membrane. 


eXcess 


Fic. 


(Haematoxylin and 


450) 


eosin, 


= 

= 
= 

£ 


3. 


Case 


adhesions to Bowman's capsule. 


Fic, 


; inter- 


(Haematoxylin and eosin, » 230) 


zlomerulus with very slight Local hyper- 


cellularity and tenuous adhesions to Bowman's capsule. 


There is a dilated tubule with an eosinophile cast 


stitial fibrosis, with tubular atrophy and inflammatory 
cell infiltration. 


: 

Be 


RECURRENT FOCAL NEPHRITIS 405 


to be followed by a diffuse glomerulonephritis with crescent formation, accom- 
panied by oedema, hypertension, and uraemia. Such cases do not provide any 
satisfactory information about the outcome of long-standing recurrent focal 
nephritis, but serve to illustrate the difficulty of attempting to classify, on 
clinical evidence alone, individual cases of glomerulonephritis. Nevertheless, 
recurrent focal nephritis is worthy of recognition in view of its apparently 
benign progress, and of the reassurance which can be offered to the patient or 
parents as to the immediate outcome of the alarming episodes of haematuria. 


I wish to thank Professor Clifford Wilson for help in the preparation of this 
paper, and for permission to study his case records. I am also grateful to Lord 
Evans, Dr. K. Tallerman, and Dr. J. Smart, who allowed me to study their 
patients; to Professor D. 8. Russell, in whose Department of Pathology the 
sections were prepared ; and to Mr. John King for the photomicrographs. The 
bacteriological and biochemical investigations were made in the Clinical 
Laboratories of The London Hospital. 


Summary 


1. The clinical features of nine patients with recurrent focal nephritis have 
been described. 

2. The patients were aged from six to 25 years at the onset, and the condition 
has persisted for periods of up to 31 years. 

3. The episodes of frank haematuria have followed a variety of infections 
after brief intervals, and have not been accompanied by oedema, hypertension, 
or impairment of renal function. No specific organism has been found re- 
sponsible. 

4. Proteinuria has become persistent in eight patients. An excess of red blood- 
cells has always been present in the urine between episodes of frank haematuria. 

5. Renal biopsy specimens were obtained from five patients. Four showed 
local glomerular lesions of varying intensity as the main feature, and one showed 
few glomerular lesions but prominent interstitial inflammation. The severity 
of the lesions could not be correlated with the duration of the condition, but 
the most marked glomerular lesions were associated with the most persistent 
haematuria (Case 9). 

6. The course of the condition has been benign; renal failure has not de- 
veloped, and only one patient has developed slight hypertension. Treatment 
with prednisone and penicillin has not influenced haematuria. 
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THE METABOLIC DISORDER IN HARTNUP DISEASE! 


By M. D. MILNE, M. A. CRAWFORD, C. B. GIRAO, anp 
LAVINIA W. LOUGHRIDGE 


(From the Department of Medicine, Postgraduate Medical School of London) 


Hartnup disease, first described by Baron, Dent, Harris, Hart, and Jepson 
(1956), is a recessive hereditary disorder of metabolism. Four siblings of a 
family of eight showed typical clinical and biochemical abnormalities. The 
parents, who were first cousins, were completely normal. Seven other similar 
cases have since been described (Table I), the total 11 patients being members 
of seven unrelated families. There are two main clinical signs, a photosensitive 
rash typical of pellagra, and attacks of cerebellar at.xi\ Lhe rash may respond 
to nicotinamide therapy, and the attacks of ataxia recover spontaneously. The 
disease occurs in childhood, and, unlike most other hereditary metabolic con- 
ditions, tends to improve with increasing age. In some of the patients the 
clinical manifestations have been very mild, and it is unlikely that the diagnosis 
would have been made had they not had more severely affected sibs. The con- 
dition may therefore be less rare than might be expected from the small number 
of patients so far described. The characteristic and constant biochemical 
abnormality is a generalized aminoaciduria, not associated with any increase of 
plasma amino acids. No other abnormality of renal tubular function has been 
recognized. In addition, there is a more variable increase of urinary indolic 
substances reacting with Ehrlich’s reagent, especially indican, indolyl-3-acetic 
acid, and indolyl-3-acetylglutamine. In the present paper we show that the 
output of indolic metabolites may be in the high normal range, but that a 
characteristic disorder of indole metabolism is made obvious by ingestion of 
both L- and DL-tryptophan. 

Hartnup disease is of especial interest for the following reasons: (1) Unlike 
most other recessive hereditary disorders of metabolism, the clinical manifesta- 
tions are irregular, with frequent exacerbations and remissions, and improve- 
ment occurs with advancing age. (2) A renal aminoaciduria without other 
abnormalities of renal tubular function suggests a specific disorder of amino acid 
transport. (3) We have found (Milne, Crawford, Girdéo, and Loughridge, 1960) 
that the excretion of indolylacetic acid is dependent on urinary pH, the clear- 
ance being increased by alkaline urine. If the cerebellar ataxia is due to tem- 
porary intoxication with retained indolic acids, alkalinization of the urine with 
sodium bicarbonate would be an easy and innocuous means of treatment. (4) 
There has already been considerable theoretical speculation regarding the 
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primary metabolic abnormality. Nemeth and Nachmias (1958) have suggested 
that there may be a deficiency of tryptophan peroxidase, an enzyme which 
oxidizes tryptophan to formylkynurenine. Knox and Behrman (1959) have 
recently presented evidence that this enzyme is better termed tryptophan 
pyrrolase, and this nomenclature will be used in the present paper. If this 
explanation is correct, the disease would be comparable to another, more 
serious, recessive hereditary disorder of metabolism, phenylketonuria. In the 
latter disease Jervis (1953) showed that there was almost complete absence of 
the enzyme, phenylalanine oxidase, in fragments of liver obtained at necropsy. 

Professor C. E. Dent gave permission for further study of the subjects E. H. 
and H. H. from the family which has given its name to the disease. Both are 
male patients, now aged 19 and 13 years respectively. They had no abnormal 
symptoms or signs except for a generalized aminoaciduria. Their previous 
medical history has been given in detail by Baron, Dent, Harris, Hart, and 
Jepson (1956). All four affected members of this family have been completely 
asymptomatic since the summer of 1956. Recent climatic conditions in Great 
Britain have not, however, been conducive to the production of clinical mani- 
festations of a disease in which the chief physical sign is a photosensitive rash. 


Methods 
The following series of metabolic observations were made: 


1. The response of H. H. to acidification of the urine with ammonium 
chloride, 2 g. four times a day for two days, and to alkalinization with sodium 
bicarbonate, 3 g. four times a day for one week. All other metabolic observa- 
tions, both in the patients and in normal control subjects, were made in a 
constant state of mild metabolic alkalosis produced by ingestion of sodium 
bicarbonate, 3 g. four times a day. By this means the urinary pH was kept 
almost constant at pH 8-0, thus avoiding fortuitous variation in the excretion 
of indolylacetic acid from spontaneous changes in urinary pH (Milne, Crawford, 
Girdo, and Loughridge, 1960). 

2. The excretion of exogenous indolylacetic acid, 50 mg. given by mouth, 
by H. H. and normal control subjects. 

3. The effects of ingestion of L-tryptophan (70 mg. per kg. body-weight) by 
E. H. on two occasions, by H. H. on one occasion, and by three normal 
control subjects. 

4. The effects of ingestion of pL-tryptophan (70 mg. per kg. body-weight) by 
H. H. and E. H., and by normal subjects. 

5. The effects of ingestion of L-tyrosine 4 g. by H. H. and by normal subjects. 


All urine specimens from the patients were obtained in a metabolic ward, 
which ensured accuracy of collection. In all observations involving ingestion 
of indolylacetic acid or of amino acids, a basal specimen of urine was collected 
during the two hours before ingestion, and seven timed specimens during the 
24 hours afterwards. The first six of these were two-hourly collections, and the 
last a 12-hour collection during the night period. 
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Chemical methods were as follows: 


Indolic acids in urine: xanthydrol method of Weissbach, King, Sjoerdsma, 
and Udenfriend (1959). 

5-hydroxyindolylacetic acid in urine: method of Udenfriend, Titus, and 
Weissbach (1955). 

Indican in urine: colorimetric method after coupling with thymol and Ober- 
mayer’s reagent. 

Kynurenine in urine: semi-quantitative method by comparison of the 
fluorescent spot with graded standard spots of pure kynurenine, after one- 
dimensional chromatography developed by butanol-pyridine-water (1:1:1). 

All estimations were checked for specificity by two-dimensional chromato- 
graphy of indolic substances, using either the system of Dalgliesh (1956) or that 
of Armstrong, Shaw, Gortatowski, and Singer (1958). Usually 100]. of un- 
treated urine was chromatographed and sprayed with Ehrlich’s reagent. For 
more detailed chromatography, indolic substances were concentrated by the 
charcoal-adsorption method of Asatoor and Dalgliesh (1956), or the acid- 
extraction method of Armstrong, Shaw, Gortatowski, and Singer (1958). 

Urine, plasma, and faecal amino acids: standard two-dimensional chromato- 
graphic method (Smith, 1958). 

Tyrosine metabolites in urine: two-dimensional chromatography as described 
by Armstrong, Shaw, and Wall (1956). 

Total phenolic acids: ether extraction followed by coupling with diazotized 
p-nitraniline. 

Volatile phenols: hydrolysis with n HCl followed by steam distillation and 
coupling with diazotized p-nitraniline. 


Results 


The mean urinary output of free indolylacetic acid was 14 mg. per day in 
H. H. and 15 mg. per day in E. H. This is within the normal range reported 
by Weissbach, King, Sjoerdsma, and Udenfriend (1959) of 5 to 18 mg. per day. 
The ratio of free indolylacetic acid to the sum of the free acid and glutamine 
conjugate varied with urinary pH as in normal subjects, and was within the 
normal limits reported by Milne, Crawford, Giréo, and Loughridge (1960). The 
daily output of free indolylacetic acid in H. H. varied with urinary pH as in 
normal subjects (Fig. 1). Urinary 5-hydroxyindolylacetic acid was also within 
normal limits. Excretion of exogenous indolylacetic acid in H. H. was similar 
to that found in normal subjects, 50 per cent. of the dose being excreted in 
alkaline urine within four hours (Milne, Crawford, Giréo, and Loughridge, 
1960). The mean indican excretion in E. H. was 220 mg. per day, and in H. H. 
210 mg. per day. This is a high normal rate of excretion. 

In summary, the only indolic substance excreted in abnormal amounts under 
basal conditions was tryptophan. This substance is increased in the urine as 
part of the generalized aminoaciduria of the disease. The characteristic disorder 
of indole metabolism in the patients on the occasion of this study was apparent 
only after ingestion of abnormal amounts of L- or pL-tryptophan. 

Effect of ingestion of L-tryptophan. Less kynurenine was excreted in the urine 
after L-tryptophan in the patients than in normal subjects (Fig. 2). Almost all 
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the kynurenine output occurred within eight hours of ingestion of the amino 
acid, the maximum excretion being from two to four hours after ingestion. 
Between 3 per cent. and 7 per cent. of the ingested tryptophan was excreted as 
kynurenine in the normal subjects, but only 0-5 per cent. to 1-5 per cent. in the 
patients. Formylkynurenine is an intermediate substance in the conversion of 
tryptophan to kynurenine, but was not detected in the urine either from the 
patients or from the normal subjects. Hydrolysis of the urine specimens with 
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Fic. 1. Excretion of indolylacetic acid (IAA) by H. H. The excretion falls when the urine 
is acidified by ammonium chloride, and rises when the urine is alkaline after ingestion of 
sodium bicarbonate. Most normal subjects excrete 5 to 12 mg. of indolylacetic acid per 
day, as shown in the figure. An occasional apparently normal subject may, however, 
excrete up to 18 mg. of the acid daily. 


wn HCl for 15 minutes did not increase the amount of kynurenine present, as 
would have occurred had appreciable amounts of formylkynurenine been 
excreted. This finding suggests that there is deficient conversion of tryptophan 
to formylkynurenine by the enzyme tryptophan pyrrolase in Hartnup disease, 
but that subsequent hydrolysis of formylkynurenine by formylase is normal. 
The excretion of indolic acids after L-tryptophan was abnormal in both 
patients (Fig. 3). In normal subjects there was a sharp increase of urinary 
indolylacetic acid within one hour, followed by a logarithmic fall to basal values 
in eight hours. Almost all the excess of indolic acid was either indolylacetic 
acid or its conjugate, indolylacetylglutamine, but there was a slight increase 
also of indolyl-3-lactic acid. In Hartnup disease the early increase in urinary 
indolic acids was normal, but the increased output was maintained for at least 
24 hours. In the urine specimens obtained within six hours of tryptophan 
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HOURS AFTER TRYPTOPHAN INGESTION 
Fic. 2. Kynurenine excretion after ingestion of L-tryptophan. Continuous lines cases of 
Hartnup disease. Broken lines: normal subjects. Kynurenine excretion in Hartnup 
disease is on an average only 25 per cent. of that found in normal subjects. Almost all the 
kynurenine is excreted in eight hours, and the maximal output occurs two to four hours 
efter tryptophan ingestion. 
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Fra. 3. Excretion of indolic acids after ingestion of L-tryptophan. Continuous lines: cases 

of Hartnup disease. Broken lines: normal subjects. Indolic acid excretion Lod gener and 

more prolonged in cases of Hartnup disease than in normal subjects. In cases the 
main indolic acid excreted is indolylacetic acid. 
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ingestion the excess indolic acid was chiefly indolylacetic acid and indolylacetyl- 
glutamine. In the later specimens chromatography showed that other indolic 
substances were excreted in addition. These consisted of small amounts of 
indolyl-3-acrylylglycine, and some indolyl-3-lactic acid. The percentage of 
ingested tryptophan excreted as indolic acids was 0-1 per cent. to 0-3 per cent. 
in normal subjects, and 1-3 per cent. to 1-7 per cent. in the patients. 


| L TRYPTOPHAN (7Omq./kg. Body weight ) 


URINARY INDICAN (mg./ hour ) 


10 
HOURS AFTER TRYPTOPHAN INGESTION 


Fia. 4. Indican excretion after ingestion of L-tryptophan. Continuous lines: case of 
Hartnup disease. Broken lines: normal subjects. Indican excretion is greater and more 
prolonged in cases of Hartnup disease than in normal subjects. 


Urinary indican showed similar abnormalities (Fig. 4). In two normal sub- 
jects there was little change in urinary indican after ingestion of tryptophan. 
A third subject had mild diarrhoea, and in this case there was a rise in indican 
output in the first six hours, followed by a decline to normal 12 hours after 
tryptophan ingestion. In the patients there was a similar rise in the first six 
hours, but increased excretion was maintained throughout the whole 24 hours, 
and in one patient was still rising at the end of the metabolic period. From 0 to 
1-6 per cent. of ingested tryptophan was excreted as indican in normal subjects, 
and from 7 per cent. to 13 per cent. in the patients. 

No tryptophan was detected in faecal extracts from the normal subjects, but 
considerable amounts were found in the stools of the patients. Some of the 
ingested tryptophan had therefore escaped absorption by the gut in the cases 
of Hartnup disease. Blood samples were obtained at two-hour intervals. In the 
normal subjects tryptophan was in greatest concentration in plasma two hours 
after ingestion of the amino acid, and had fallen to basal values in eight hours. 
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In Hartnup disease maximum concentration was found in the four-hour speci- 
men, and excretion of tryptophan was still above basal values after eight hours. 

Effects of DL-tryptophan. More conclusive results would have been obtained 
by administration of pure D-tryptophan, but this amino acid was not available 
in the quantities required. The metabolism of D-tryptophan differs considerably 
from that of the natural isomer in normal subjects. Absorption from the gut 
is slower and less complete, and conversion of the amino acid to indole by 
intestinal bacteria is also much slower than in the case of L-tryptophan. Con- 
siderable amounts of tryptophan were found in the faeces both of the patients 
and of the normal subjects after ingestion of DL-tryptophan. In the normal 
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Fic. 5. Excretion of indolic acids after ingestion of pL-tryptophan. Continuous lines: 
cases of Hartnup disease. Broken lines: normal subjects. Indolic acid excretion is less in 
Hartnup disease than in normal subjects. Normal subjects excrete chiefly indolyllactic 
acid, and patients with Hartnup disease mostly indolylacetic acid. 


subjects a significant fraction of absorbed tryptophan, presumably the p- 
isomer, appeared in the urine. The D-isomer crosses the walls of both the gut 
and the renal tubules slowly and incompletely. In the cases of Hartnup disease 
there was only a slight increase of urinary tryptophan above the abnormally 
high amounts usually excreted. Whereas L-tryptophan is normally oxidized to 
t-kynurenine very rapidly, formation of p-kynurenine from the D-amino acid 
is slow (Borchers, Berg, and Whitman, 1942; Dalgliesh, 1952). As was expected, 
therefore, considerably less kynurenine was excreted both in the patients and 
in the normal subjects after pi-tryptophan than after the same dose of the 
L-aminoacid. The main route of metabolism of absorbed pD-tryptophan in 
normal subjects is oxidation by D-aminoacid oxidase to indolyl-3-pyruvic acid. 
This keto acid is converted both to indolyllactic acid and to indolylacetic acid, 
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but chiefly to the former. After ingestion of pL-tryptophan there was in normal 
subjects a much greater output of indolic acids in the urine than after the 
t-aminoacid (Fig. 5). The excess of indolic acid was chiefly indolyl-3-lactic 
acid. A great increase of indolic acids occurred within one hour of ingestion, 
and this was followed by a logarithmic fall to normal values in 18 hours. The 
excess of urinary indolic acid was three to 10 times the quantity of that excreted 
after the same dose of L-tryptophan. From 2 per cent. to 6 per cent. of ingested 
D-tryptophan was excreted as urinary indolic acids. In the cases of Hartnup 
disease less indolic acid appeared in the urine after pL-tryptophan than after 
L-tryptophan (0-2 to 0-4 of the amount). The excreted indolic acid was chiefly 
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Fic. 6. Indican excretion after ingestion of DL-tryptophan. Continuous lines: cases of 
Hartnup disease. Broken lines: normal subjects. Indican excretion is greater and more 
prolonged in cases of Hartnup disease than in normal subjects, but in both it is less than 
that found after ingestion of the same amount of L-tryptophan. 


indolylacetic acid and its conjugate, indolylacetylglutamine. Indolyllactic acid 
was not detected on the chromatograms. The output of indican after DL- 
tryptophan was similar to that after the L-aminoacid, but less in amount both 
in normal subjects and in the patients (Fig. 6). These results can most easily be 
explained by assuming that D-tryptophan is almost entirely unabsorbed from 
the gut in cases of Hartnup disease and appears almost quantitatively in the 
faeces. 

Effects of ingestion of L-tyrosine. Basal urine specimens from cases of Hartnup 
disease were found to contain considerable amounts of phenolic acids. Urinary 
phenolic acids are, however, extremely variable in normal subjects (Armstrong, 
Shaw, and Wall, 1956), and it was thought that the excretion in the patients was 
within the upper limits of the normal range. Ingestion of tyrosine increased 
volatile phenols by 50 per cent., free phenolic acids by 100 per cent., and con- 
jugated phenolic acids by almost 200 per cent. It was found, however, that the 
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effect was variable in normal control subjects, and in some subjects the increased 
excretion of phenolic end-products of metabolism equalled the amounts found 
in H. H. 


Discussion 

The most constant biochemical abnormality in the Hartnup disease is a 
generalized aminoaciduria of renal tubular origin, without any evidence of other 
defects of renal tubular function. This suggests that there is a specific defect 
in the transfer of amino acids from the glomerular filtrate across the proximal 
renal tubular cells into the tubular capillary blood. The urinary loss of amino 
acids is insufficient to cause any signs of malnutrition. The present investigation 
was particularly designed to test for similar defects of amino-acid transport 
elsewhere in the body. A special study was made of tryptophan metabolism 
and transport, because of previous reports of abnormalities of metabolism of 
indolic substances in Hartnup disease. Present views of tryptophan meta- 
bolism, including its breakdown by intestinal bacteria, are given in Fig. 7. 
Complete knowledge of the fate of ingested tryptophan is still lacking, only a 
small proportion being accounted for by fully established metabolic pathways. 
In the present studies less than 15 per cent. of the ingested dose was recovered 
as end-products of tryptophan metabolism. 

The abnormalities found in the cases of Hartnup disease suggest that there is 
a defect in tryptophan absorption from the gut, and a disorder of metabolism 
of the tryptophan which has been absorbed. Reduced absorption of tryptophan 
in the jejunum is presumably due to the same unknown defect which reduces 
tryptophan reabsorption from the glomerular filtrate by the proximal renal 
tubule cells. The evidence for this jejunal defect is based on the following 
findings: 

1. Ingested L-tryptophan can be recovered from the faeces of patients with 
Hartnup disease, but not of normal subjects. 

2. Plasma levels of tryptophan after ingestion of the amino acid increase 
more slowly, and remain high for a longer time, in cases of Hartnup disease than 
in normal subjects. 

3. There is a greater and more prolonged excretion of bacterial breakdown 
products of tryptophan after ingestion of the amino acid in cases of Hartnup 
disease than in normal subjects. Since there is no evidence of a generalized 
intestinal absorption defect or of an abnormal intestinal flora in Hartnup 
disease, this finding suggests that a greater proportion of ingested tryptophan 
reaches the colon in cases of the disease than in normal subjects. The main 
bacterial breakdown product of tryptophan is indole, produced by the enzyme 
tryptophanase. After absorption indole is oxidized to indoxyl, conjugated with 
sulphate, and excreted as urinary indican. A smaller quantity of tryptophan is 
converted by bacterial action to indolic acids, especially indolylacetic acid, and 
possibly indolyl-3-propionic acid. Weissbach, King, Sjoerdsma, and Udenfriend 
(1959) showed that sterilization of the gut by antibiotics reduced the excretion 
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of endogenous indolylacetic acid by about 30 per cent. Hopkins and Cole (1903) 
found that indolyl-3-propionic acid was formed by anaerobic metabolism of 
tryptophan by Z£. coli. After absorption indolylpropionic acid is oxidized to in- 
dolylacrylic acid (Milne, Crawford, Girdio, and Loughridge, 1960). Excretion of 
indolylacrylic acid by man was first described by Armstrong, Shaw, Gorta- 
towski, and Singer (1958), and its conjugation product, indolylacrylylglycine, by 
Kimmig, Stitcherling, Tschesche, and Urbach (1958). Indolylacrylic acid and 
its conjugation product were excreted in cases of Hartnup disease several hours 
after tryptophan ingestion, and at a time when indican output was maximal. 
This suggests that these indolic acids were derived from bacterial breakdown 
products of unabsorbed tryptophan, rather than from endogenous metabolism. 
A future profitable investigation would be the comparison of the effects of 
tryptophan ingestion in Hartnup disease with and without ingestion of anti- 
biotics, to reduce intestinal bacterial metabolism. Preliminary observations 
were made by Baron, Dent, Harris, Hart, and Jepson (1956), who found that 
antibiotics in cases of Hartnup disease reduced indican output, but not the 
excretion of indolylacetic acid and of indolylacetylglutamine. 

The characteristic end-product of metabolism of D-tryptophan is indoly]-3- 
lactic acid. This was not found in the urine of patients with Hartnup disease 
after ingestion of DL-tryptophan. The two possible explanations are that 
p-tryptophan is not absorbed by the gut in cases of Hartnup disease, or that its 
metabolism after absorption is completely different to that occurring in normal 
subjects. Since large amounts of unabsorbed tryptophan were found in the 
stools after ingestion of pL-tryptophan, the former explanation is thought to be 
more likely. D-tryptophan is more stable when incubated with faeces than the 
L-aminoacid, because it is converted to indole less rapidly. Final proof of an 
absorption defect of p-tryptophan could be obtained by studying the effects of 
small intravenous injections of pL-tryptophan in cases of Hartnup disease. No 
evidence of a similar defect of intestinal absorption of L-tyrosine was obtained, 
although this amino acid is excreted in excess in the urine in Hartnup disease. 
In retrospect it would have been preferable to study phenylalanine absorption, 
since this amino acid is more soluble than tyrosine and therefore more likely to 
give uniform results in normal control subjects. 

The abnormality of metabolism of absorbed tryptophan in Hartnup disease 
is more difficult to interpret with certainty. An abnormally low proportion is 
oxidized to formylkynurenine by tryptophan pyrrolase, and more is converted 
to indolylacetic acid. This does not necessarily imply an actual deficiency of 
tryptophan pyrrolase, as suggested by Nemeth and Nachmias (1958). The 
possible alternatives are: (1) an actual deficiency of tryptophan pyrrolase ; 
(2) deficiency of a co-factor; (3) the presence of an inhibitor of tryptophan 
pyrrolase ; (4) an unfavourable environment for enzyme action, for example, a 
change in pH; (5) a defect in tryptophan transport, whereby there is reduced 
contact of the enzyme and its substrate. The first and last of these alternatives 
seem most likely. Deficiency of tryptophan pyrrolase would be comparable to 
the known deficiency of phenylalanine oxidase in phenylketonuria. Any such 
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enzyme deficiency, however, must be less complete in Hartnup disease than in 
phenylketonuria. At least 25 per cent. of the normal amount of kynurenine is 
formed from tryptophan in Hartnup disease, whereas very little phenylalanine 
is oxidized to tyrosine in phenylketonuria. Plasma tryptophan is normal in 
Hartnup disease, whereas plasma phenylalanine is greatly increased in phenyl- 
ketonuria. The plasma concentration of tryptophan in Hartnup disease may, 
however, be reduced by poor absorption from the gut and by abnormal urinary 
loss. The alternative explanation, reduced transport of tryptophan from plasma 
to tryptophan pyrrolase within liver cells, implies an abnormality similar to 
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that shown to occur in the cells of the jejunal mucosa and of the proximal renal 
tubules. The recessive heredity of Hartnup disease suggests an abnormality of 
a single gene, which would be more likely to cause a single primary enzymatic 
defect. Similar speculations in phenylketonuria have been settled by demon- 
stration of almost complete absence of phenylalanine oxidase in fragments of 
liver obtained at necropsy (Jervis, 1953). Since all known patients with Hartnup 
disease are young persons who are not severely inconvenienced by their meta- 
bolic disorder, we hope that similar proof in Hartnup disease will long be un- 
available. 

The pellagra of the condition is fully explained by the reduced conversion of 
tryptophan to kynurenine and then to nicotinamide (Fig. 7). Baron, Dent, 
Harris, Hart, and Jepson (1956) showed that there was diminished urinary 
excretion of metabolites of nicotinamide after ingestion of tryptophan. The 
reason for the attacks of cerebellar ataxia in the disease is less obvious. Jepson 
(1956), reporting on the same two patients some years ago, stated that both 
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indolylacetic acid and indolylacetylglutamine were considerably increased in 
the urine. We found excretion of these metabolites to be normal except after 
ingestion of large doses of tryptophan. This discrepancy is probably explained 
by the fact that the patients, when studied, were in a more quiescent period 
of the disease. The phasic nature of the ataxia suggests some external modifying 
factor in addition to the primary metabolic abnormality. One possibility is the 
influence of urinary pH on the urinary clearance of many indolic acids (Milne, 
Crawford, Giréo, and Loughridge, 1960). In some patients (see Table) the 
attacks seem to occur after intercurrent infections. In such cases the urine is 
highly acid from excess of protein breakdown and starvation ketosis, and 
consequently excretion of indolic acids would be reduced. Indolylacetic acid 
produces ataxia in the experimental animal only in high dosage (Baruk, Launay, 
Berges, Perles, and Conte, 1958), but less is known of the toxicity of other 
indolic acids, for example, indolylacrylic acid. The cause of the ataxia will 
obviously remain speculative until it is possible to re-examine cases of Hartnup 
disease in relapse. 

If Hartnup disease is finally proved to be due to a primary disorder of amino- 
acid transport, it may be of importance in the elucidation of an important 
physiological process about which little accurate information is at present 
available. The transport of the natural L-aminoacids across cell membranes 
is more rapid than that of the corresponding D-aminoacids. The former can be 
transferred across the intestinal wall against a concentration gradient, whereas 
the latter cannot (Fisher and Parsons, 1949). After exposure to cyanide or 
dinitrophenol the rate of transfer becomes identical (Agar, Hird, and Sidhu, 
1954). Although this proves that transfer of L-aminoacids is an active process 
requiring cellular energy, it does not prove that transfer of D-aminoacids is a 
completely passive physicochemical process. It seems unlikely that a water- 
soluble amino acid could diffuse passively across lipoid-containing biological 
membranes. The demonstration of a reduced transport of D-tryptophan, as 
well as of the L-isomer, in Hartnup disease suggests that transfer of D-tryptophan 
also involves an active biological process. This view has recently been strongly 
supported by the experiments of Jervis and Smyth (1959). They showed that 
the rate of absorption from the intestine of both L- and D-aminoacids is not 
proportional to the concentration present in the intestinal lumen, and at higher 
concentrations the rate of absorption is proportionately smaller than at lower 
concentrations. This supports the view that absorption of both L- and p- 
enantiomorphs is due to a specific transfer mechanism, and not to simple 
diffusion. 


Thanks are expressed to Professor C. E. Dent for permission to study the 
two cases of Hartnup disease, and to Dr. C. E. Dalgliesh for gifts of reference 
chemicals. We are indebted to Professor J. McMichael, Professor C. E. Dent, 
and Dr. C. E. Dalgliesh for advice. 
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Summary 


1. Metabolic studies have been made in two asymptomatic cases of Hartnup 
disease. The renal aminoaciduria of the condition is shown to be a more constant 
feature than excessive excretion of indican and of indolic acids. 

2. After ingestion of L-tryptophan in cases of Hartnup disease, there is de- 
layed and incomplete absorption of the amino acid from the gut. Some is found 
in the faeces, and an abnormally large fraction reaches the colon, where it is 
partly converted by intestinal bacteria to indole and other products of bacterial 
tryptophan metabolism. 

3. After absorption less L-tryptophan than in normal subjects is oxidized 
by tryptophan pyrrolase to formylkynurenine. A correspondingly greater 
amount is converted to indolylacetic acid and indolylacetylglutamine. Exces- 
sive excretion of indolic acids after tryptophan ingestion persists longer in cases 
of Hartnup disease than in normal subjects. 

4. After ingestion of p.L-tryptophan normal subjects excrete a greater 
quantity of indolic acids than after the L-aminoacid, and a large part of the 
excess is indolyl-3-lactic acid. In Hartnup disease less indolic acid is excreted 
after DL-tryptophan than after an equal dose of the L-aminoacid, and virtually 
no indoly]-3-lactic acid is excreted. Large quantities of tryptophan are present 
in the faeces. 

5. The results suggest that there is defective transport of tryptophan across 
the cells of the jejunum and of the proximal renal tubules. The reduced con- 
version of tryptophan to formylkynurenine is thought to indicate either a 
deficiency of tryptophan pyrrolase or reduced transport of substrate to the 
enzyme. 

6. It is suggested that the cerebellar ataxia of the disease may be due to 
intoxication by retained indolic acids. If this is true, alkalinization of the urine 
by sodium bicarbonate would increase the excretion of indolic acids and provide 
an easy method of therapy. 
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SOME INVESTIGATIONS INTO ENDOCRINE 
EXOPHTHALMOS? 


By D. A. McGILL 
(From Guy’s Hospital) 


With Plate 35 


ABNORMAL protrusion of the eyes was recognized and recorded as a physical 
sign early in the nineteenth century (Parry, 1825), and until relatively recently 
it was widely held that exophthalmos associated with endocrine abnormalities 
was due to sympathetic overactivity, vascular engorgement, or decreased tone 
of the extraocular muscles. From clinical observations, and those made at 
operation and post mortem, it appears probable that exophthalmos is due to an 
increase in volume of the retroglobal tissues and consequent rise in intraorbital 
pressure. The increase in volume of the retroglobal tissues is due mainly to the 
accumulation of oedema fluid affecting the fibro-fatty tissue and the extraocular 
muscles, which may become hypertrophic. Most authorities now agree that 
these and other changes which occur in the tissues of the orbit probably 
develop in response to the action of a hormone, and there is evidence that this 
hormone is secreted by the anterior pituitary gland (Edmunds, 1896 ; Wedd and 
Permar, 1928; Penfield, 1929; Loeb and Friedman, 1931; Schockaert, 1931; 
Merrill and Oaks, 1933; Marine, Baumann, and Rosen, 1934 ; Marine and Rosen, 
1936; Morley, 1936; Smelser, 1936, 1939, 1943, b, c; Paulson, 1937; Davis, 
1940; Zondek and Ticho, 1945, 1951; McCullagh, Ruedemann, and Gardner, 
1946; Smelser and Ozanics, 1949; Dobyns, 1950; Asboe-Hansen and Iverson, 
1951; Juler, 1952; Albeaux-Fernet, Guiot, Braun, and Romani, 1955; Harris, 
1955). Further studies suggested that the active principle involved might be the 
thyroid-stimulating hormone, but there is clinical and experimental evidence 
which favours the thesis that the exophthalmos-producing substance is a 
separate factor (Collard, Mills, Rundle, and Sharpey-Schafer, 1940; Albert, 
1945; Jeffries, 1949; Falconer and Alexander, 1951; Asboe-Hansen, Iverson, 
and Wichmann, 1952; Dobyns and Steelman, 1953; Gilliland and Strudwick, 
1956; Querido and Lameyer, 1956). 

Albert (1945) produced exophthalmos in the Atlantic minnow (Fundulus 
heteroclitus, Linn.) with the injection of anterior pituitary gland extracts. The 
ocular protrusion was greatest 24 hours after injection, and developed in fish 
which had previously undergone hypophysectomy. Dobyns and Wilson (1954) in- 
jected into the Atlantic minnow serum taken from patients with exophthalmos. 


1 Received June 9, 1959. 
Quarterly Journal of Medicine, New Series XXIX, No. 115, July 1960. 
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Ocular protrusion developed, and the degree of response appeared to be 
greater with serum taken from patients in whom the exophthalmos was in a 
progressive stage. The present study was undertaken to test the validity of 
Dobyns and Wilson’s (1954) suggestion that a circulating exophthalmic factor 
exists in human serum, that in patients with progressive exophthalmos there is 
an abnormally high circulating level of this exophthalmos-producing substance, 
that it is secreted by the pituitary gland, and that it is not identical with thyroid- 
stimulating hormone. In this work the increase in ocular protrusion developing 
in fish is used as a measure of the exophthalmos-producing substance contained 
in test solutions injected into the coelomic cavity. 


Method 


Fish were chosen as the most suitable animals for these experiments because 
their size facilitates a high dose/body-weight ratio, and the eyes are situated 
laterally, thus permitting easy and accurate measurement of the intercorneal 
distance ; and because they are obtainable in large numbers, can be handled 
without difficulty, are cheap to buy, and had been used successfully by other 
workers. A type of fish had to be found which would respond to injections of 
anterior pituitary extract with the development of exophthalmos. Of several 
cold-water species investigated, the goldfish, and in particular the Shubunkin, 
appeared to be most sensitive in this respect. Shubunkins (Carassius auratus, 
Linn.) are decorative fish, popular in the British Isles for the stocking of 
garden ponds. They are reared commercially in Italy and France, and imported 
into England in large numbers especially during the summer months. For use 
in experimental work they are ideal because, unlike most native fish, they can 
be obtained throughout the year, and bear distinctive markings by which each 
one may easily be identified. The fish used were about three inches long, 
weighed between 9 and 11 g., and had an intercorneal distance of between 10-5 
and 12-0 mm. Until they were required they were kept in a large stock tank, 
and before an experiment were transferred to small experimental tanks. Tap 
water at a temperature of between 17° and 19° C was used to fill the tanks, and 
continuous aeration of the water was maintained by means of an electric pump. 
The fish were fed with dried daphnia the day before they were to be used for 
an experiment, and the water was changed the following morning. During the 
experiments each group of 10 fish was kept in a glass tank measuring 8 x 8 x 12 
inches adjacent to a window. 

For the injection of the test solutions each fish was taken from the water, 
turned on to its back, and held firmly in the hand. A sterile hypodermic needle 
was introduced through the vent for a distance of about 2 mm., the barrel of 
the syringe was carried caudally, and the needle then advanced to pierce the gut 
and pass along the ventral wall for a distance of about 1 cm. The point of the 
needle was then made to deviate in a dorsal direction into the coelomic cavity, 
and withdrawn about 2 mm. before the injection was made. By this method 
0-5 ml. of fluid can be injected into the coelomic cavity without any apparent 
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change in behaviour or discomfort on the part of the fish, and with a negligible 
mortality. With practice the procedure can be completed within a few seconds. 
Failure for the solution to be retained was unusual, and was obvious when it 
occurred. The efficiency of the method was confirmed by using a radioactive 
solution. Throughout all the experiments the volume of fluid injected was kept 
constant, and 0-5 ml. used for each fish. 

A low-power microscope, with a magnification of x 14, was fitted with an 
ocular scale and used to measure the distance between the eyes of the fish. 
In order to make the measurements each fish was taken from the water, held 
lightly in the hand on a white glazed tile, and viewed from above (Plate 35, 
Fig. 8). The microscope was focused on the corneal surfaces, and the inter- 
corneal distance measured by means of the ocular grid. Before each experiment 
the setting of the microscope was checked against a fixed scale. The intercorneal 
distance was recorded as the number of divisions on the ocular scale, each 
division being equivalent to 0-15 mm. Fish within the standard limits had an 
intercorneal distance of 10-5 to 12-0 mm., or 70 to 80 divisions on the scale. 
Measurement of the intercorneal distance could be made to the nearest 0-15 mm. 
The fish did not appear to be disturbed by this procedure, nor was the inter- 
corneal distance affected even if the period out of water was prolonged for 
several minutes. The intercorneal distance of each fish was measured on three 
occasions before, and at regular intervals after injection. The change in inter- 
corneal distance was taken as a measure of the degree of exophthalmos or 
enophthalmos which developed, and was plotted against the time after injection. 


Experiments 

1. Initially a commercial preparation of animal anterior pituitary gland 
extract (‘ambinon’) was injected into a group of 10 fish. The extract is dis- 
pensed in ampoules containing 1 ml. of solution. Each ml. contains the equiva- 
lent of 2-5 g. of whole anterior pituitary gland, and is processed to give a solution 
with a high thyroid-stimulating activity. Four ml. of normal saline were added 
to an ampoule of ‘ambinon’. Into the coelomic cavity of each of 10 fish was 
injected 0-5 ml. of the solution, containing the equivalent of 250 mg. of whole 
anterior pituitary gland (= 250 mg. per fish). The tank temperature was 
maintained at 18° C, and the intercorneal distance measured at three and six 
hours, and then at six-hourly intervals after injection. Individual fish developed 
exophthalmos to a varying degree. The mean increase in intercorneal distance 
in the group was calculated and plotted against the time after injection (Fig. 1). 
The exophthalmos which developed reached a maximum at 18 hours, and 
subsided over a period of 48 hours. This time sequence was constant whenever 
pituitary extract was used, and the maximum response on each occasion 
occurred 18 hours after injection. 

2. Serum was taken from a normal woman, and 0-5 ml. injected into each of 
10 fish. The intercorneal distances were measured at hourly intervals for six 
hours, and thereafter at six-hourly intervals. Exophthalmos developed, but was 
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not so marked as with pituitary extract; it reached a maximum three hours 
after injection, and subsided over a period of 24 hours. The mean increase in 
intercorneal distance was calculated, and plotted against the time after in- 
jection (Fig. 2). Whenever serum was the substance injected this time sequence 
followed, and the maximum response occurred at three hours, excepting a 
few instances in which the response was greatest two or four hours after 
injection. 


12 18 24 30 36 
TIME IN HOURS 
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Fia. 1. Mean increase in intercorneal distance in a group 

of 10 fish after injection of anterior pituitary extract 

(‘ambinon’) (= 250 mg. whole anterior pituitary gland 
per fish). 


With injection of pituitary extract and with serum, although the intercorneal 
distance of individual fish fluctuated to a minor and decreasing degree over a 
period of two or three days, the exophthalmos did not recur. Dobyns and 
Wilson (1954), using the Atlantic minnow, found that the exophthalmos 
developed 24 to 48 hours after injection of anterior pituitary extract. When 
serum was used the ocular proptosis developed more slowly over a period of days. 
The difference from the present results may be accounted for by the different 
species of fish used. 

3. A series of control experiments was carried out which showed that the 
degree of ocular protrusion in the fish was not influenced by the environmental 
conditions under which they were kept, by the method of measurement, 
or by the injection of normal saline (0-5 ml. per fish). Fish receiving hypertonic 
saline (2N) injections gained weight, presumably by fluid retention, and yet the 
intercorneal distance did not change to a significant degree, indicating that 
fluid retention alone is not the reason for the ocular protrusion. Various 
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hormone preparations were injected into groups of fish (cortisone acetate, 
100 yg. per fish ; oestradiol benzoate, 50 i.b.u. per fish ; thyroxine, 0-001 mg. per 
fish ; eucortone, 0-1 ml. per fish ; adrenaline, 1 yg. per fish ; noradrenaline, 1 yg. 
per fish; posterior pituitary extract (pitressin) 0-25 ml. per fish; chorionic 
gonadotrophin, 5 i.u. per fish; corticotrophin, 100 m-u. per fish), but only 
anterior pituitary gland extract and serum produced exophthalmos. It was 
shown that there is no significant variation in the degree of response throughout 
the year in groups of fish given injections of pituitary extract. 


Z 


Fic. 2. Mean increase in intercorneal distance in a group 

of 10 fish after injection (0-5 ml. per fish) of serum taken 

from a normal woman aged 34 years. Tank temperature 
18° Cc. 


4. Raising the tank temperature accelerated and increased the degree of 
response, whereas lowering the temperature retarded the development of ocular 
protrusion and lowered the maximum response, with both pituitary extract and 
serum. The temperature of the water in the tanks containing fish given pituitary 
extract fluctuated in some degree after the first nine hours; for this reason the 
responses to pituitary extract and serum cannot strictly be compared. The 
effect of a change in tank temperature was, however, essentially the same in 
both cases, showing that the active principles in pituitary extract and serum 
are not dissimilar in this respect. A possible explanation is that there is an 
alteration in rate of the physicochemical reactions involved in the production 
of the ocular protrusion. After this experiment care was taken to maintain 
the temperature of the water in the experimental tanks at between 17° and 19° C. 

5. There is some decay in activity of the exophthalmos-producing principle 
in both serum and pituitary extract with the passage of time. At 4°C the 
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potency of both preparations remains relatively stable, but at 37° C there is a 
rapid decay with both pituitary extract and serum, to approximately the same 
degree, over a period of 24 hours. After the experiment demonstrating these 
changes, serum was always injected into the fish 18 to 24 hours after withdrawal 
from the patient, and during this time the specimens were kept at a tempera- 
ture of 4° C. 

6. Ten fish were given daily injections of a constant dose of pituitary extract 
(= 250 mg. per fish). The exophthalmos which followed the first dose was 
maintained throughout the period of the injections. Omission of the injections 
was followed by regression of the ocular protrusion, and their reinstitution was 
followed by development of exophthalmos to a degree comparable to that 
previously attained. This experiment shows that the fish do not become resis- 
tant to injections of pituitary extract, and indicates that the changes which take 
place and lead to the development of exophthalmos are rapidly reversed, even 
though the ocular protrusion is maintained for a period of a week by repeated 
administration. 

7. An attempt was made to determine whether the exophthalmos-producing 
substance in serum has a protein structure. Samples of serum taken from three 
healthy adults were filtered through collodion membranes under a nitrogen 
pressure of 140 lb. per sq. in.; protein-free filtrates were obtained (biuret- 
negative). To the residual protein-containing fractions normal saline was added 
until the total volume of each solution was approximately one-half the original 
volume of serum. Injection of the concentrated protein-containing fraction was 
followed by the development of exophthalmos. The mean increase in inter- 
corneal distance was greatest three hours after injection. Fish into which the 
non-protein fractions were injected became enophthalmic, and the decrease in 
intercorneal distance persisted over a period of 24 hours. The magnitude of 
response to either fraction has little significance, for there was inevitably some 
loss of material during the process of filtration, and the apparatus, although kept 
in a refrigerated room for most of the 18 hours of the filtration process, was 
exposed to room temperature for varying periods of time. It is apparent that 
the active principle in serum which provokes the exophthalmic response in the 
fish is retained in the protein fraction. This is what might be expected if the 
substance were similar to the known anterior pituitary hormones, all of which 
have a protein structure. The enophthalmos which develops with injection of 
the protein-free fraction may be a non-specific response to serum deprived 
of the exophthalmos-producing principle, alth»ugh the possibility that an 
enophthalmos-producing factor exists in humau serum cannot be discounted. 
In this respect the fact that an enophthalmic response was obtained with in- 
jections of reconstituted stored plasma is of interest. It is possible that elimi- 
nation of the exophthalmos-producing substance, by the exposure of dried 
plasma to room temperature or by ultra-filtration of serum, unmasks an anti- 
exophthalmic or enophthalmic substance. 

8. The maximum increase in intercorneal distance developed consistently 
18 hours after the injection of animal anterior pituitary extract, and three 
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hours after the injection of human serum. This discrepancy argues against the 

thesis that the exophthalmos-producing principle in human serum is the same 
as that found in animal pituitary extracts. Three groups of 10 fish were given 
injections of solutions containing (1) serum from a normal adult, (2) pituitary 
extract, and (3) a similar dose of pituitary extract (= 250 mg. of whole pituitary 
per fish) mixed with serum 10 minutes before use. The volumes of the three 
solutions were made up to 5 ml. by the addition of normal saline, and 0-5 ml. 
injected into each fish. In the group of 10 fish given pituitary extract the mean 
increase in intercorneal distance was greatest 18 hours, and in those given 
serum three hours, after injection. The mean increase in intercorneal distance 
in fish receiving the solution containing pituitary extract and serum mixed 
together was greatest three hours after injection, and of a degree which approxi- 
mated to that observed after pituitary extract. The experiment was repeated 
with three different samples of serum. A possible explanation for the disap- 
pearance of the 18-hour peak and the increase in the three-hour response, when 
pituitary extract is mixed with serum, is that the two active principles are 
basically similar, and that some change occurs when the pituitary factor is added 
to serum—an alteration either in structure or in relationship to a binding radical. 
Another possibility is that serum contains factors which facilitate the action 
of the exophthalmos-producing substance and are responsible for the accelera- 
tion of the peak response. 

9. It can be shown that the ocular protrusion which develops in the fish is 
due to an increase in intraorbital pressure forcing the eye outwards. Decom- 
pression of the orbit, by the introduction of a hypodermic needle through the 
pharyngeal wall and the withdrawal of a small amount of clear fluid, is associated 
with the return of the eye to a normal position. This occurs whether the exoph- 
thalmos is induced by anterior pituitary extract or by serum. Sections of the 
heads of fish made exophthalmic by the injection of pituitary extract or serum 
have been studied histologically. They show that there is an increase in the 
retroglobal tissue spaces due to oedema of the adipose tissue and external 
ocular muscles, together with cellular infiltration, in both cases. The exoph- 
thalmos which develops does not subside after death. These observations 
indicate that the ocular protrusion is apparently brought about by the same 
mechanism, whether anterior pituitary extract or serum has been injected, and 
that it is due to an increase in intraorbital pressure. They favour the thesis that 
the exophthalmos-producing principles concerned are essentially similar in 
character. It is to be noted that accumulation of oedema fluid is the most 
striking change observed, as it is in patients with exophthalmos. 


Serum was taken from patients with well-defined clinical syndromes, and 
injected into groups of 10 fish. The intercorneal distance of each fish was 
measured at hourly intervals, and the mean response calculated. With each 
experiment, serum taken from normal subjects of comparable age and of the 
same sex as the patient was injected into a group of 10 fish kept under similar 
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conditions in an adjacent tank. This method of control was used in the sub- 
sequent experiments. 

10. Serum from 60 normal subjects was used. The mean increase in inter- 
corneal distance was calculated at hourly intervals after injection, and plotted 
against time. The mean response of each of the 60 groups of fish fell within the 
limits shown in Fig. 3. The variation in response of individual fish within each 
group was wide ; little or no increase in intercorneal distance occurred in two or 
three fish, whereas in the remainder there was an increase of up to 14 divisions 
(2-1 mm.). The maximum increase in the mean intercorneal distance usually 


MEAN CHANGE IN 


INTERCORNEAL DISTANCE 
(1 DIV. = 0-15 mm.) 


TIME IN HOURS 


Fic. 3. The range of response, as measured by 

the mean increase in intercorneal distance, of 

groups of 10 fish given injections of serum taken 
from 60 normal subjects (0-5 ml. per fish). 


occurred at the three-hour period ; in the few exceptions it occurred two or four 
hours after injection. It is apparent that there is in serum of normal people an 
exophthalmos-producing agent as measured by the response of the fish. The 
mean increase in intercorneal distance in each group of 10 fish, three hours after 
injection of serum taken from the 60 normal subjects, was calculated. Analysis 
of the resulting figures shows that there is a relationship between age and the 
exophthalmos-producing activity of the serum, the activity appearing to decrease 
with age. It can be calculated that in each sex these relationships are likely 
to occur by chance only once in a hundred or more times (Male subjects, 
P < 0-001. Female subjects, 0-01 > P > 0-001). 

11. The mean response of each group of fish given an injection of serum taken 
from 19 healthy, pre-menopausal women, was calculated. In each of these 
subjects, menstrual flow occurred at regular intervals of 28+1 days. The 
response three hours after injection was plotted against the day of the cycle on 
which the serum was taken. There was no significant fluctuation of the exoph- 
thalmic response throughout the 28-day cycle. This finding justifies the use of 
pre-menopausal women as control subjects, and shows that the protrusion of 
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MEAN CHANGE IN 


INTERCORNEAL DISTANCE (1 DIV. = 0-15 mm. ) 


TIME IN HOURS 


Fie. 4. Mean response of groups of 10 fish 

given injections of serum (0-5 ml. per fish) 

taken from four patients with severe, rapidly 
progressive exoph 
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Fic. 5. Mean response of groups of 10 fish given 

injections of serum (0-5 ml. per fish) taken from 

three patients with moderate, slowly progressive 
exophthalmos. 
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the eyes in the fish is unlikely to be due to pituitary gonadotrophic hormones, 
oestrogens, or progesterone. 


(1 DIV. = 0°15 mm. ) 


MEAN CHANGE IN 
INTERCORNEAL DISTANCE 


2 3° 64 
TIME IN HOURS 
Fic. 6. Mean response of groups of 10 fish given 


injections of serum (0-5 ml. per fish) taken from 
six patients with stationary exophthalmos. 
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Fic. 7. Mean response of groups of 10 fish 

given injections of serum (0-5 ml. per fish) 

taken from nine patients who had undergone 

hypophysectomy for carcinoma of the breast. 

The dotted lines show the responses to serum 

taken from three of these patients before 
operation. 


12. Serum was taken from four patients with severe, rapidly progressive 
exophthalmos, and injected into groups of 10 fish. In all four cases the mean 
increase in intercorneal distance was greater than that found in any of the con- 
trols (Fig. 4). Injection of serum taken from three patients with moderate, slowly 
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progressive exophthalmos was associated with a response in excess of that of 
the controls, but not as great as that provoked by serum taken from the patients 
with rapidly progressive exophthalmos (Fig. 5). Samples of serum from five 
patients with stationary, and from one with regressing, exophthalmos, gave a 
mean response which fell within the normal range (Fig. 6). These experiments 
show that serum taken from patients with progressive exophthalmos produces 
a degree of ocular protrusion in the fish greater than that provoked by serum 
from normal control subjects. It appears that the degree of response in the 
fish bears a direct relationship to the rate of progression of the exophthalmos in 
the patient. A possible conclusion from these observations is that progressive 
exophthalmos is due to an increased level of exophthalmos-producing substance 
in the circulation, and that it is this substance which promotes the changes in 
the orbital tissues of both man and fish. A mean response above the normal 
range was obtained from injection of serum from one of the patients with rapidly 
progressive exophthalmos. About a week later there was a marked regression of 
the ocular protrusion, and a further sample of serum was taken. The mean 
response to injection of the serum on this occasion fell within the normal range. 
These results support the suggestion made above as regards clinically progressive 
exophthalmos. 

13. Injection of serum taken from nine patients who had undergone total 
hypophysectomy for inoperable mammary carcinoma, and were receiving a 
maintenance dose of cortisone, gave a subnormal response (Fig. 7). The mean 
intercorneal distance of each group of fish decreased, and individual fish showed 
a marked enophthalmos. Injection of serum taken from three of these patients 
before operation was associated with a normal response in each case. These 
results indicate that the exophthalmos-producing factor in normal serum may 
be secreted by the pituitary gland, or that its activity is dependent upon some 
contribution from the pituitary gland. As in the experiments in which dried 
plasma and protein-free filtrates obtained from serum were used, the enoph- 
thalmos which develops may be a non-specific response to serum deprived of 
the exophthalmos-producing substance, or may be due to the action of an anti- 
exophthalmic or enophthalmic factor. A subnormal response was obtained when 
serum taken from three patients with hypopituitarism was used. Injection 
of serum taken from a patient with acromegaly and diabetes insipidus also 
gave a subnormal response. These results, taken in conjunction with those of 
the previous experiment, make it probable that in these patients there is a 
decreased secretion of the exophthalmos-producing substance by the pituitary 
gland. 

14. The mean response of a group of fish given injections of serum from one 
of the patients with severe progressive exophthalmos, before irradiation of the 
pituitary gland (3,800 r. over a period of four weeks), was above the normal 
range. Serum from this patient was injected into groups of fish at intervals. 
The mean response of the fish decreased to within the normal range and, four 
months after completion of the course of radiotherapy, a subnormal response 
was obtained. From this single case it is difficult to draw conclusions, but the 
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decreasing response by the fish indicates a progressive fall in the level of the 
circulating exophthalmos-producing factor. The cause may be decreased secre- 
tion following the course of radiotherapy to the pituitary gland which, as has 
already been indicated, is the probable source of the hormone. There was little 
regression of the patient’s ocular protrusion, although there was considerable 
improvement in the chemosis, conjunctival congestion, and distension of retinal 
veins. In this case the exophthalmos had been present for over a year, and 
permanent changes in the orbital tissues may have occurred; or perhaps the 
subnormal level of the active principle remaining was sufficient to maintain the 
changes which had taken place in the orbit during the active phase. 

15. Injection of serum taken from five patients with thyrotoxicosis was fol- 
lowed by a mean response which in each case fell within the normal range. Lid 
retraction was present in these patients, but no exophthalmos. These findings 
suggest that the circulating exophthalmos-producing substance is not related 
directly to thyroid activity, although the possibility remains that the exoph- 
thalmic response may be suppressed by an inhibitor substance. 

16. Serum was taken from six patients in whom bilateral adrenalectomy and 
odphorectomy was performed for inoperable carcinoma of the breast. The 
response to injection of serum taken at varying periods after the second stage 
of the operation, at a time when a maintenance dose of cortisone was being 
administered, fell within the normal range in each case. Serum taken from three 
of these patients before operation gave a normal response. This experiment 
acts as a control for that in which serum was taken from patients who had 
undergone hypophysectomy, and indicates that the disappearance of the exoph- 
thalmos-producing substance after removal of the pituitary gland is not due to 
a secondary failure of adrenal or ovarian secretion. 

17. Injection into groups of fish of serum taken from three patients with 
myxoedema gave a mean response which, in each case, fell within normal limits. 
Similarly, injection of serum from three patients who had undergone partial 
thyroidectomy for thyrotoxicosis was followed by a normal response; in none 
of these patients did measurable exophthalinos develop. Most patients with 
myxoedema, and those who have undergone partial thyroidectomy for thyro- 
toxicosis, have an abnormally high level of circulating thyroid-stimulating 
hormone (TSH) (Hertz and Oastler, 1936 ; Starr and Rawson, 1937 ; Cope, 1938; 
Purves and Griesbach, 1949; Del Conte and Stux, 1955; Gilliland and Strud- 
wick, 1956; Querido and Lameyer, 1956). The level of circulating TSH was not 
measured in the above six cases but, assuming that it is high, the results 
obtained indicate that TSH is not the factor which produces exophthalmos in 
the fish. They support the work which shows that the exophthalmos-producing 
substance is separate from TSH (Jeffries, 1949; Dobyns and Steelman, 1953). 
Possible alternative explanations are that in these cases an accessory factor is 
absent, or that a substance is present which inhibits the exophthalmos-producing 
activity of TSH. 

18. Solutions were prepared containing varying quantities of pituitary 
extract in normal saline, and each solution injected into a group of 10 fish 
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(0-5 ml. containing ‘ambinon’ = 400, 300, 200, 100, 75, 50, and 25 mg. respec- 
tively of whole anterior pituitary gland per fish). The maximum mean response 
in each group occurred at the 18-hour period, and these values were used to 
construct a log dose/response curve which demonstrates a linear relationship. 
Similarly, serum from one of the patients with severe progressive exophthalmos 
was diluted with normal saline, and solutions were prepared containing a vary- 
ing percentage of serum (100, 50, 25, 12-5, and 6-25 per cent. respectively). 
Each solution was injected into groups of 10 fish (0-5 ml. per fish), and the 
intercorneal distance recorded. The maximum mean response occurred three 
hours after injection, and the log dose/response curve based on these values | 
again shows a linear relationship. This is a type of relationship which is com- 
monly found between the dose of a simple substance and a response, although 
it does not necessarily indicate that the exophthalmos-producing factor, either 
in pituitary extract or in serum, is a simple substance. The slopes of the log 
dose/response curves obtained with animal anterior pituitary extract and with 
human serum are different. The greatest response does not occur at the same 
time after injection, and this, together with the fact that the preparations used 
were not from the same species, makes it impossible to discuss the reason for 
the difference in the slopes obtained. 


Di 


In the above experiments it is suggested that an exophthalmos-producing 
substance acts on the orbital tissues of fish to produce ocular protrusion. The 
exophthalmos which develops is used as an index to compare the potency of 
biological preparations containing this substance. The choice of Shubunkins 
for this protracted investigation proved to be fortunate, for, besides the ad- 
vantages already outlined, the magnitude of response apparently does not vary 
throughout the year, and the fish do not become refractory to the action of the 
exophthalmos-producing substance. Consequently, although in these initial 
experiments each fish received only one injection, it would be permissible to 
use them repeatedly. It was shown that the exophthalmos persisted while 
anterior pituitary extract was given daily. Attempts to produce permanent 
exophthalmos failed, even though injections were continued for as long as two 
months. Ocular protrusion develops only after the injection of animal anterior 
pituitary extract or human serum, and does not arise when normal saline or 
other biological preparations are used. Fish which become exophthalmic after 
injection of pituitary extract or serum gain in weight ; the rapid development 
and transient nature of this gain in weight suggest that it is due to fluid reten- 
tion ; it is of minor degree, and was not accurately measured. Fluid retention 
of even greater magnitude produced by the injection of hypertonic saline is not 
associated with ocular protrusion. 

The active principles in pituitary extract and serum in some ways behave in 
a similar manner. The mechanism by which the ocular protrusion in the fish 
is produced, by either pituitary extract or serum, is the same. Raising the 
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temperature of the tank water accelerates, and lowering the temperature retards, 
the response of the fish in each case, probably owing to a direct effect on the 
physicochemical reactions involved. Storing anterior pituitary extract or 
serum is associated with a decay in potency, which is accelerated by a rise in the 
environmental temperature. These observations support the suggestion that 
the active principle measured in the serum is essentially the same as that shown 
to be present in animal anterior pituitary extracts, and are compatible with the 
belief that the exophthalmos-producing substance in human serum is a hor- 
mone secreted by the anterior pituitary gland. The fact that-injection of pitui- 
tary extract is followed by a response which is greatest 18 hours later, while the 
response to human serum is greatest three hours after injection, opposes this 
view. In other experiments, however, in which anterior pituitary extract was 
mixed with normal serum, the rate of development of the exophthalmic response 
was accelerated, and was greatest three hours after injection. A possible ex- 
planation of these observations is that the exophthalmos-producing hormone, 
when secreted by the anterior pituitary gland into the circulation, undergoes a 
change similar to that which occurs when the pituitary extract is mixed with 
serum in vitro, This change may affect the relationship between the hormone 
and a binding radical, or it may be that serum in some way facilitates or alters 
the manner in which the hormone acts on the orbital tissues of the fish. This 
observation reintroduces the possibility that the exophthalmos-producing sub- 
stance in serum is identical with that shown to be present in anterior pituitary 
extracts. 

The ocular proptosis which develops in the fish when serum is injected is not 
due to adrenal or ovarian secretions. This is shown by the fact that, when 
serum from patients who have undergone total adrenalectomy and odphorec- 
tomy is injected, an exophthalmic response occurs which is within the normal 
range. The magnitude of the ocular protrusion does not fluctuate when serum 
taken from female subjects is used. This suggests that oestrogens, progesterone, 
and pituitary gonadotrophic hormones are not the active principles concerned. 
The thyroid hormone is not responsible, for serum taken from thyrotoxic 
patients who are not exophthalmic gives a response which is within the normal 
range, and the injection of thyroxine is not associated with the development of 
exophthalmos. 

Support for the suggestion that the exophthalmos-producing substance in 
serum is secreted by the pituitary gland is provided by the experiment in which 
it was shown that serum, taken from patients who have undergone total hypo- 
physectomy, does not promote ocular protrusion in the fish. Similarly, injection 
of serum taken from patients who have clinical evidence of hypopituitarism is 
accompanied by a subnormal response. Also, after ultrafiltration of samples of 
serum, the exophthalmos-producing substance can be identified in the protein- 
containing fraction ; this would occur with known anterior pituitary hormones, 
all of which have a protein structure. A view widely held is that the thyroid- 
stimulating hormone of the anterior pituitary gland is responsible for the develop- 
ment of clinical exophthalmos. The experiments with serum from patients with 
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myxoedema and from those who had undergone thyroidectomy (page 434) 
suggest that the exophthalmos-producing substance and thyroid-stimulating 
hormone are separate factors. Although assay of the thyroid-stimulating hor- 
mone was not carried out, it may be assumed that a high circulating level of 
thyroid-stimulating hormone was present. Serum taken from these patients, 
however, produced a degree of exophthalmos in the fish which fell within the 
normal range. These results support previous work which has indicated that 
the exophthalmos-producing substance is a factor separate from thyroid-stimu- 
lating hormone. 

It appears likely that the factor in serum which promotes ocular protrusion 
in the fish is also responsible for the changes in the orbital tissues of patients 
with endocrine exophthalmos. In support of this hypothesis is the fact that in 
the fish, as in human beings, it is mainly the accumulation of oedema fluid which 
is responsible for the increase in volume of the orbital contents. When serum 
taken from patients with progressive exophthalmos is injected, the magnitude 
of the ocular protrusion which arises in the fish is greater than when serum taken 
from normal subjects is used. The degree of ocular protrusion which develops 
in the fish is related to the rate of progression of the exophthalmos in the patient 
from whom the serum was taken. In one case of progressive exophthalmos, 
rapid regression of the ocular protrusion was associated with a fall in the level 
of the circulating exophthalmos-producing substance to within normal limits. 
Patients with long-standing exophthalmos which is not progressive have a 
normal level in the serum. These experiments confirm previous observations 
(Dobyns and Wilson, 1954), and show that when progressive exophthalmos 
is present there is an abnormally high level of exophthalmos-producing sub- 
stance in the circulation. In another case of progressive exophthalmos a fall 
in the level of exophthalmos-producing substance in the serum, as measured by 
the response of the fish, was not accompanied by any substantial regression of 
the ocular protrusion in the patient, although there was considerable improve- 
ment in the chemosis, conjunctival congestion, and distension of retinal veins. 
In this instance the reason why the proptosis failed to decrease significantly may 
be that (as in patients with stationary, chronic exophthalmos) permanent 
changes had occurred in the tissues of the orbit. Alternatively, it is possible 
that a low level of circulating exophthalmos-producing substance was sufficient 
to maintain the changes that had already taken place, or that the increase in 
intra-orbital pressure had partially occluded the orbital veins, and so perpetuated 
changes which had developed during the active phase. Experiments in which 
anterior pitwitary extracts are injected into animals suggest that the resulting 
oedema of the fibro-fatty tissues is greater in the orbit than elsewhere in the 
body (Smelser, 1939). This selective action may be related to the greater num- 
ber of fibrous tissue septa present (Smelser, 1943.4, 6; Smelser and Ozanics, 
1949), or perhaps is secondary to the deposition of water-attracting muco- 
polysaccharides within the orbit (Ludwig, Boas, and Soffer, 1950; Asboe- 
Hansen and Iverson, 1951; Iverson and Asboe-Hansen, 1952). 

It is apparent that the exophthalmos-producing substance is present in the 
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serum of normal subjects, and that the ‘normal’ level in the serum decreases 
with age. It is unlikely that a specific ‘exophthalmos-producing’ hormone 
exists; it is more probable that the factor under discussion affects tissues 
throughout the body, plays a part in the normal body metabolism, possibly 
influencing water partition in fat deposits, and gives rise to ocular protrusion 
only when it is secreted in excess. The exophthalmic factor can be eliminated 
from serum by ultrafiltration, and is apparently destroyed when plasma 
is dried and stored at room temperature. It is also absent from the serum of 
patients who have undergone hypophysectomy. The protein-free fraction 
obtained by ultrafiltration, reconstituted dried plasma, and serum taken from 
patients after hypophysectomy, when injected into the fish, are associated with 
a decrease in the mean intercorneal distance. This enophthalmos-producing 
property is unlikely to be due to the presence of an anti-exophthalmic or 
enophthalmic hormone. It may possibly be related to a serum fraction influ- 
encing the water balance of the fish, which lose weight as the enophthalmos 
develops. The enophthalmos-producing property of serum may antagonize the 
action of the exophthalmos-producing substance when whole serum is injected. 
It is possibly due to this action that the greatest response to the exophthalmos- 
producing substance in serum occurs three hours after injection, and not after 
18 hours as it does when anterior pituitary extract is used. The same action may 
account for the difference between the log dose/response curves obtained with 
pituitary extract and with serum. 

The method here described of measuring the exophthalmos-producing sub- 
stance may be used for a routine assay, and so aid in the assessment of treat- 
ment and in diagnosis. That malignant exophthalmos is a complication which 
may follow partial thyroidectomy is an accepted fact, as is the increased secre- 
tion of thyroid-stimulating hormone (TSH) by the pituitary gland after opera- 
tion (Starr and Rawson, 1937; Cope, 1938; Purves and Griesbach, 1949; Del 
Conte and Stux, 1955). It is probable that the secretion of exophthalmos- 
producing substance is in some way linked with that of TSH. In those thyro- 
toxic patients in whom an increase in secretion of exophthalmos-producing 
substance can be demonstrated, it seems likely that a sudden increase in 
secretion of TSH, provoked by partial thyroidectomy, may be accompanied by 
a further rise in the level of circulating exophthalmos-producing substance, and 
the development or progression of ocular protrusion. Thus, in patients with 
exophthalmic goitre, the presence of a high circulating level of exophthalmos- 
producing substance would contra-indicate partial thyroidectomy. It would 
favour the choice of medical treatment, in which both the depression of thyroid 
secretion and the increase in circulating TSH are gradual. 

Irradiation of the pituitary gland is used as a method of treatment in cases of 
malignant exophthalmos, although it has been discredited to some extent by 
numerous reports in which it has been shown that the response is erratic. In 
one patient with progressive exophthalmos the level of exophthalmos-producing 
substance in the serum fell progressively after deep X-ray therapy to the pitui- 
tary gland. It is possible that the inhibition of pituitary secretion in this case 
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was due directly to the course of treatment. It can be concluded that deep 
X-ray therapy, or other methods employed to inhibit the secretion of exophthal- 
mos-producing substance by the pituitary gland, should be applied while the 
exophthalmos is still in the progressive phase, at a time when the rate of 
secretion is abnormally high. The reservation of such treatment for severe, 
long-standing cases, in which the circulating level of exophthalmos-producing 
substance may be within normal limits, or in which the orbital changes have 
reached an irreversible stage, may explain the disappointing response of this 
condition to medical treatment. 

The diagnosis between progressive exophthalmos due to an orbital tumour 
and an apparently unilateral exophthalmos of endocrine origin is difficult. 
A means of assay of the circulating exophthalmos-producing substance would 
aid diagnosis in such cases. The work here reported supports the opinion that 
clinical exophthalmos arises in response to the influence of a hormone secreted 
by the pituitary gland, and also supports previous work which indicates that 
the exophthalmos-producing substance is a factor separate from thyroid- 
stimulating hormone (Jeffries, 1949; Dobyns and Steelman, 1953). It is hoped 
that the method of assay of the exophthalmos-producing substance described 
will have an application in clinical medicine. 


I am indebted to Professor W. R. Spurrell for his encouragement, advice, 
and criticism throughout this work, and to the consultant staff of Guy’s Hospital 
for permitting me to see and obtain the co-operation of patients under their 
care. I would like to record my gratitude to Dr. A. Missen for the assistance 
given me in preparing microscopic’sections ; to Miss S. Treadgold, Mr. C. Engel, 
and Mr. A. N. Finch for their co-operation in preparing the illustrations; and 
to Organon Laboratories Ltd. for providing the anterior pituitary preparations 
(‘ambinon’) used in the experiments. The work reported formed part of a thesis 
submitted for the degree of M.D., London University. 


Summary 


Brief reference is made to previous work, which provides evidence that the 
changes in the tissues of the orbit in cases of endocrine exophthalmos develop 
in response to a pituitary gland hormone which is separate from thyroid- 
stimulating hormone. 

A method is described whereby the production of exophthalmos in goldfish is 
used to demonstrate the presence of an exophthalmos-producing substance in 
animal anterior pituitary gland extracts and in human serum. 

Evidence is provided to support the suggestion that the active principles in 
animal anterior pituitary gland extract and human serum are essentially the 
same. 

The mean increase in intercorneal distance in a group of fish given injections 
of human serum appears to provide a measure of the level of exophthalmos- 
producing substance in the circulation. 
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In patients with exophthalmos which is in a progressive stage there is an 
abnormally high level of circulating exophthalmos-producing substance, as 
measured by the response of the fish, while in patients with stationary or 
regressing exophthalmos the response falls within the normal range. 

Experiments are described which support the suggestion that the exophthal- 
mos-producing substance in human beings is secreted by the pituitary gland. 
Serum taken from patients who have undergone hypophysectomy, and from 
those in whom there is evidence of hypopituitarism, is associated with a sub- 
normal response when injected into the fish. In one case of progressive exoph- 
thalmos irradiation of the pituitary gland was followed by a fall in the level of 
exophthalmos-producing substance in the serum. After ultrafiltration of serum 
the substance was identified in the protein-containing fraction, suggesting that 
the active principle may have a protein structure, as have the known anterior 
pituitary gland hormones. 

Injection of serum taken from patients who had myxoedema, and from those 
who had had a partial thyroidectomy for thyrotoxicosis, was associated with a 
normal response. It is assumed that in these patients the serum level of thyroid 
stimulating hormone was high, and the fact that a normal response was ob- 
tained supports previous work which shows that the exophthalmos-producing 
substance is a factor separate from thyroid-stimulating hormone. Other experi- 
ments indicate that the pituitary gonadotrophic, adrenocorticotrophic, or anti- 
diuretic hormones in human serum are not responsible for the development of 
exophthalmos in the fish. 

It is suggested that a specific ‘exophthalmos-producing’ hormone does not 
exist, but that the factor in human serum which gives rise to exophthalmos 
when injected into the fish plays a part in normal body metabolism, and that 
it gives rise to clinical exophthalmos only when secreted in excess. 

The method evolved in this work provides a basis for the routine assay of the 
‘exophthalmos-producing’ hormone, and some of its applications in clinical 
work are discussed. 
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GOUT AND THE SERUM URIC ACID IN DIABETES 
MELLITUS! 


By A. GORDON BECKETT anp J. G. LEWIS 
(From the Diabetic Department, Royal Free Hospital, London) 


‘An exchange of a lesser for a greater evil’—smR A. B, GARROD (1876). 


TueE combination of diabetes and gout was first described by Robert Whytt in 
the eighteenth century, but it was not until the latter part of the next century 
that the concept of gouty glycosuria was accepted by English, French, and Ger- 
man physicians, who introduced the term ‘arthritic diathesis’ (von Stosch, 
1828; Trousseau, 1870; Garrod, 1876; Claude Bernhard ; Charcot, 1881). This 
condition was considered to be a nutritional disorder tending towards either 
diabetes or gout (Saundby, 1907; Umber, 1914). The association of gout, 
diabetes, and overweight in some families has also been known for many years 
(Charcot, 1881; Luff, 1907). Diabetes has been found in the relatives of subjects 
with gout, and conversely gout in the relatives of those with diabetes, in a 
greater incidence than in the relatives of subjects with neither (Saundby, 
1907 ; Umber, 1914; von Noorden and Isaac, 1927; Ishmael, 1945), suggesting 
that there is a gene linkage of the two diseases. On the other hand, the combina- 
tion of classical diabetes and tophaceous gout in the same patient is rare in the 
experience of British and American physicians, although in Germany it was seen 
more frequently. Von Noorden and Isaac (1927) found among their diabetic 
patients an incidence of 3-8 per cent. for tophaceous gout, and 8 per cent. for all 
forms of gout. Seckel (1925) reported an incidence of 2-1 per cent. for all forms, 
and quoted frequencies given by other authors ranging from 0-5 per cent. 
(Cantani, 1877) to 9 per cent. (Grube, 1895). Charcot (1881) believed that this 
variation reflected the social status of the different groups. These high figures 
contrast with those reported from America. Englehardt and Wagner (1950) 
thought the association to be either rare or overlooked, and could find only one 
patient with both diseases in a large clinic. Joslin, Root, White, and Marble 
(1952) found the incidence of gout in diabetics under their care to be one in 
1,500, and reported seven patients with this combination, but Rabinowitch 
(1928), recording three with the two diseases, thought the association was four 
times that due to chance. According to Loeb (1933) ‘the close relation between 
diabetes and gout, so much emphasized by European writers, is entirely lacking 
in the United States’, although some American authorities have believed that 
the frequency there is underestimated (Hench, 1935; Herrick and Tyson, 1936; 
McCracken, Owen, and Pratt, 1946). Early in the nineteenth century an inverse 
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relationship between the two diseases was observed by Scudamore (1823) who 
thought that diabetes was considerably more frequent in Scotland than in Eng- 
land, and that gout was more common in England. 

Gout and diabetes have certain features in common: overweight, prevalence 
of atherosclerosis, peak incidence in middle life, and greater severity of the 
disease in the younger patient. Overnutrition might be the common factor 
(Saundby, 1907 ; Umber, 1914; Balmus, 1946 ; Lawrence, 1954), but it is difficult 
to reconcile this belief with the increasing prevalence of diabetes in the last 20 
years while that of gout appears to be decreasing, although Copeman (1959) 
believes that this downward trend has now stopped. When the two disorders 
occur together, the diabetes is usually mild, and the gout often precedes the dia- 
betes and is often ameliorated by it (von Stosch, 1828; Garrod, 1876; Charcot, 
1881; Luff, 1907; Umber, 1914; Seckel, 1925; von Noorden and Isaac, 1927). 
Sometimes one alternates with the other (Trousseau, 1870; Charcot, 1881). The 
diabetes is usually mild and symptomless (Trousseau, 1870; Garrod, 1876; 
Charcot, 1881; Prout), and insulin is rarely required for its treatment. On 
occasions its administration has provoked acute gout (Rabinowitch, 1928). 
Although the diabetes is mild, Charcot (1881) recognized that the ‘prognosis is 
sometimes as grave as an ordinary case’. From another point of view Umber 
(1914) found that in his 278 cases of gout there were 15 with mild diabetes, and 
Debonis (1940) noted often a disturbance of carbohydrate metabolism in his 
patients with gout. More recently this finding was confirmed by Weiss, Segaloff, 
and Moore (1957), and by Herman (1958). Of the 143 patients with gout in the 
series of Weiss, Segaloff, and Moore (1957), only one of the 40 with disturbed 
carbohydrate metabolism required insulin. No other difference was apparent be- 
tween patients with a normal and those with an abnormal carbohydrate 
tolerance. 

There has been little study of uric-acid metabolism in diabetes mellitus when 
not associated with gout. In a small series of 18 patients, de Candia (1930) found 
that the serum uric-acid level was high in half, and in the rest normal or at the 
lower limit of normal (the normal range of 1 to 3-5 mg. per 100 ml. was lower 
than generally accepted now) ; in general the lower values were seen in patients 
with severe diabetes. He concluded that there was a disturbance of purine 
metabolism in diabetes, and ascribed the ‘high’ values to deficient elimination 
of uric acid. Moracchini and Maestri (1933) confirmed these findings, but 
showed that there was an increased output of uric acid in the urine and bile, the 
renal excretion being the more important. Such other information as is available 
is derived from experimentally produced diabetes in animals, and from steroid 
diabetes in man. Conn and his colleagues (1948, 1949) demonstrated that in 
certain apparently normal subjects an increased urinary excretion of both uric 
acid and glucose, with a decrease of the serum uric acid, followed the administra- 
tion of corticotrophin. They suggested that the temporary diabetic state might 
be caused by the alloxan-like action of uric acid, or its metabolic intermediaries, 
on the beta cells of the pancreas. Uric acid is chemically related to alloxan, and 
can be oxidised to it in vitro, and hence possibly in man. In 1889 Weiner showed 
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that in rabbits alloxan produced fatal convulsions, which were found to be due 
to hypoglycaemia (Jacobs, 1937). Later, in different experimental circum- 
stances, alloxan was shown to cause diabetes (Dunn, Sheehan, and McLetchie, 
1943). Considerable interest in chemical diabetogenic agents followed, and other 
substances were found to have this effect (Patterson, 1950). One example is 
dehydro-ascorbic acid, similar chemically to dehydro-uric acid, which is formed 
by the oxidation of uric acid by the enzyme ferricytochrome. Uric acid itself 
was shown by Griffiths (1948, 1950) to produce diabetes, usually transient, in 
rabbits in which the blood glutathione had been diminished by a deficient diet. 
Apparently contrary to these findings were those of Martinez (1950), who 
showed that the administration of uric acid to animals had an ameliorating 
effect on the diabetes produced by alloxan. Loubatiéres (1954) found in the 
blood of diabetic subjects an increase of alloxan-like substances possibly de- 
rived from uric acid, and suggested that diabetes is a metabolic disturbance 
due to the overproduction of alloxan-like substances, or to the retardation of 
their destruction. Further work is necessary before this theory can be accepted. 
Aclinical counterpart to the work of Griffiths (1948, 1950) was the case described 
by Umber (1914), in which a woman died in diabetic coma after an acute 
attack of gout. More recently Wells (1958) reported the development of severe 
insulin-resistant diabetes in a man during the treatment of his acute gout with 
colchicine. After relief of each attack the diabetes remitted. 

In order to assess the relationship between diabetes and gout, a study has 
been undertaken to see whether there was any difference in uric-acid metabolism 
in patients with diabetes, as shown by changes in the serum uric-acid levels, and 


to determine the prevalence of clinical gout. It was decided to investigate the 
patients of the diabetic clinics of the Royal Free and the Hampstead General 
Hospitals from two aspects: first, the biochemical approach, studying the serum 
uric-acid levels and their relation with sex, type and control of diabetes, over- 
weight, family history of gout, and the serum cholesterol ; second, a clinical study 
of the prevalence of a history resembling gout and of a family history of gout. 


Patients Studied and Methods 


The serum uric acid was estimated in 800 patients, in the majority as part of 
their routine investigation. They were not specially selected from the 1,100 
diabetic patients who had attended during the years 1951 to 1957. There were 
586 women and 214 men, and their age distribution is shown in Figs. la and 16. 
The serum uric acid was determined by a modification of Folin’s method (King, 
1951). The range of normal accepted was 1-5 to 6-0 mg. per 100 ml. Of the 
800 patients, 764 also had the serum cholesterol estimated by a modification of 
the method of Sackett (1925), the range of normal being 110 to 260 mg. per 100 ml. 


Biochemical Results 
Serum uric-acid values for the whole clinic. The distribution of the serum 
uric-acid values, shown in Figs. 2a and 26, was different in the two sexes: for 
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men it was flatter and broader ; for women it showed a high peak at 2-5 to 2-9 
mg. per 100 ml. The mean serum uric acid in men was 3-62+.1-89 mg. per 100 
ml., and in women 3-24+ 1-16 mg. per 100 ml., the difference between the means 
being statistically significant (P < 0-01). On comparing these figures with those 
found in normal subjects by similar methods (Table I), it is seen that they are 
significantly lower (P <0-01), with the exception of the difference between these 
diabetic men and the normal men in the series of Stecher, Hersh, and Solomon 
(1949); here P < 0-05. 


TaBLe I 
The Mean Serum Uric-acid Values in Diabetic 
and Non-diabetic Subjects 
MEN WOMEN 
Authors and Mean Standard Mean Standard 
group Year Method Number (mg./100 ml.) error Number (mg./100 ml.) error 
Present series Modification 


of diabetic patients 1958 of Folin’s 214 3-62 +013 586 3-24 +0-05 
Non-diabetic 


subjects: 
Jacobson . - 1938 Folin’s 63 4:40 +0-09 37 4:00 +011 
Gjerup, Poulson, 1955 Enzymatic 143 5-04 +010 157 3-80 +0-07 
and Praetorius spectrophoto- 
metric 
Stecher, Hersh, 
and Solomon . 1949 Benedict's 296 3-95 +0-06 294 3-63 +0-06 
Bensley, Mitchell, Modification 
and Wood of Folin’s 63 4-80 +0-08 37 4:00 40-07 


Clinical abnormalities in the patients with hyperuricaemia. Nineteen patients 
had a serum uric-acid level at or above the upper limit of the normal range. In 
six there was an obvious cause for the increased serum uric acid: four had renal 
insufficiency, with a raised blood-urea level, and one had gout; the sixth, with 
a serum-cholesterol level of 550 mg. per 100 ml. and serum uric acid 7-8 mg. per 
100 ml., probably had the syndrome of hyperuricaemic-hypercholesterolaemia 
described by Harris-Jones (1957). Of the remaining 13, seven had evidence 
of occlusive cardiovascular disease, four having intermittent claudication. 
Other workers have reported an association between high serum uric-acid levels 
and the presence of such vascular disease, particularly in the younger patient 
(Gertler, Garn, and Levine, 1951; Gertler and White, 1954; Sougin-Mibashan 
and Horwitz, 1955). In view of these observations, the serum uric-acid values 
were analysed in those patients who on clinical examination had occlusive 
vascular disease. The means (Table II), particularly in men with intermittent 
claudication and cardiac infarction, were slightly higher than the figures found 
in the series as a whole, but the differences were not statistically significant. The 
values found in the 13 patients (1-5 per cent. of the series) in whom no satis- 
factory cause of the increased serum uric acid was found probably represent 
the high figures to be expected in a random distribution. Five patients, two of 
whom gave a family history of gout, were healthy apart from their diabetes. 

Relation of serum uric acid to age. The influence of age on the serum uric 
acid is shown in Table III. With ages grouped in decades, the mean serum uric- 
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acid level shows a tendency to increase with years in women, but not in men. 
These observations are in keeping with the findings of Stecher, Hersh, and 
Solomon (1949) in normal subjects. On the other hand, Gjorup, Poulsen, and 
Praetorius (1955) and Hauge and Harvald (1955) found that in non-diabetic 
patients there was no increase of the serum uric acid with age in either sex. 


TaBLeE II 
The Relation of the Serum Uric Acid 
to Occlusive Vascular Disease 
MEN WOMEN 


Type of Mean Standard Mean Standard 
complication Number (mg./100 ml.) deviation Number (mg./100 ml.) deviation 

Intermittent 

claudication . +1-52 30 
Cardiac infarction 0 +1-10 28 “4 
Angina... 6 46 3 
Whole group. 6 +1-89 586 “2 +1-16 
TaBLeE III 


The Relation of the Mean Serum Uric Acid 
of Diabetic Patients to Age 


Decades 0-19 20-29 30-39 40-49 50-59 60-69 >70 
Mean serum uric acid 
(mg./100 ml.) 


Men 0 
9 


3- 
Women . 2: 


TaBLe IV 
The Relation of the Serum Uric Acid 


to the Type of Diabetes 
Group I Group IT Group IIT 


Mean Mean Mean 
serum uric acid Standard serum uric acid Standard serum uric acid Standard 
Number (mg./100 mil.) deviation Number (mg./100 ml.) deviation Number (mg./100 mil.) deviation 


Men 55 3-43 +129 51 3-26 +4098 108 3°85 +128 
Women 60 291 +127 238 3-26 +108 288 3-47 +117 

Relation of serum uric acid to type of diabetes. For this purpose the patients 
were assessed on a clinical basis reflecting the severity of their diabetes and the 
method of treatment, and were placed in three groups: 


Group I. Those in whom insulin was necessary to prevent diabetic ketosis— 
the so-called ‘insulin-deficient’ diabetics. 

Group II. Those in whom insulin was required to treat diabetic symptoms 
and hyperglycaemia. These patients showed no evidence that the absence of 
insulin would lead to ketosis. 

Group III. Those in whom dietary measures alone were adequate. 


The mean serum uric acid and the numbers of patients in these groups are 
shown in Table IV. The means for Groups I and III, which represent the ex- 
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tremes of diabetes, show a significant difference (men: P < 0-05; women: 
P< 0-01). The figures for the women of Group II, a composite one, are inter- 
mediate. The higher values found in the women in Group ITI, composed mainly 
of older patients, can be explained only in part by the age factor as shown by 
Table V; patients requiring insulin show lower levels than those treated by 
dietary measures alone. 

Relation of serum uric acid to weight history. Patients were considered 
overweight if they were more than 10 per cent. above the standard weight for 
their age, height, and sex, based on figures given by the Actuarial Society of 
America (1912). Table VI shows the mean serum uric-acid level of men and 
women placed in three groups according to their weight history. In men the 
mean for those who were never overweight was lower than that of the other 


TABLE V 


The Relation of the Serum Uric Acid to Age 
and the Type of Diabetes 
40-59 years 60 years and over 


Mean serum Mean serum 


uric acid uric acid 


uric acid 
Number (mg./100 ml.) Number (mg./100 ml.) Number (mg./100 ml.) 


Men: 
Groups I and IT 35 3-23 44 3-30 29 3-33 
Group III 2 7 3:83 46 4-31 55 3°66 


Women: 

Groups I and II 34 2-76 123 2-98 141 3-46 

Group ITT ° 17 3-08 110 3-30 161 3-54 
two groups, but the differences were not significant. In women the difference 
between the means for those who were never overweight and for those over- 
weight at the time of the test was significant (P < 0-01). This was not merely a 
reflection of the different types of diabetes (see Table VII), although the over- 
weight women were mainly in Group III. 

Relation of serum uric acid to duration and control of the diabetes. Patients 
were excluded from the present series when the tests were taken in coma or pre- 
coma, since during this phase, with its gross metabolic disturbance, temporary 
values at least as high as 13 mg. per 100 ml. may be encountered. With these 
important exceptions no significant relationship was found in the present series 
between the serum uric-acid values and the duration or control of the diabetes. 

Serum uric acid in patients with a family history of gout. Seventy-eight 
patients gave a family history of gout. For the 17 men the mean serum uric 
acid was 4-0 mg. per 100 ml. ; for the 61 women the mean was 3-4 + 0-17 mg. 
per 100 ml. These figures were higher than the means for either sex for the 
whole group, but the differences were not statistically significant. Only two 
of these 78 patients had a serum uric-acid level above 6-0 mg. per 100 ml., and 
only one above 6-5 mg. per 100 ml. These figures contrast with those usually 
seen in subjects with a family history of gout, in whom the incidence of in- 
creased serum uric acid varies from 25 to 72 per cent. (Talbott, 1940; Smyth, 


Mean serum 
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Cotterman, and Freyberg, 1948; Stecher, Hersh, and Solomon, 1949; Wilson, 
1951; Hauge and Harvald, 1955). 


TaBie VI 


The Relation of the Serum Uric Acid to the Weight History 
MEN WOMEN 


Number Mean serum 
of uricacid Standard 
patients (mg./100ml.) deviation patients (mg./100 ml.) deviation 
Overweight at test 97 3:7 +1-26 309 3-5 +1:17 
Overweight in past 
but not at test 34 3-7 +0-84 105 3-3 +2-45 
Never overweight 83 3:5 +1-30 172 2-9 +2-00 


TaBLe VII 


The Relation of the Serum Uric Acid in Diabetic Women 
to the Weight and to the Type of Diabetes 
Overweight at test Overweight in past but not at test Never overweight 


‘Vumber Mean serum Number Mean serum 
of uric acid Standard of uricacid Standard of Standard 
patients (mg./100 mi.) deviation patients (mg./100 ml.) deviation patients (mg./100 mi.) deviation 
Numbers not statistically Numbers not statistically 47 2-75 +0-08 
significant 
3-29 +0-99 74 3-04 +107 
3-51 +0-97 51 3-11 +0°83 


TaBLeE VIII 


The Relation of Serum Uric Acid to Serum Cholesterol 


Serum cholesterol 
(mg./100 ml.) 


“0-149 150-199 200-249 250-299 300+ 


Men: 

Number of patients ‘ ‘ 23 74 72 27 9 

Mean serum uric acid (mg. /100 ml. ) ‘ 3-3 3-6 3-65 4-0 3-5 
Women: 

Number of patients ° . 42 212 182 84 39 

Mean serum uric acid (mg. /100 ml. ) > 3-03 3:3 3-3 3-5 3-7 

Relation of serum uric acid to serum cholesterol. In patients with in- 
creased serum cholesterol there may be also a high level of serum uric acid 
(Harris-Jones, 1957). To see whether such a relation existed in diabetes, the 
serum-cholesterol and serum uric-acid values were correlated in the 764 patients 
who had had both investigations done. From Table VIII it appears that there 
was a tendency for the uric-acid level to be higher in patients with increased 
serum cholesterol, but the correlation coefficients of 0-02 for men and 0-08 for 
women demonstrated that such trends were not statistically significant. 


Clinical Gout and Diabetes 


Of the first 1,000 patients studied, there were eight in whom gout was diag- 
nosed and whose clinical summaries follow. 
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1. Mr. A. B. had recurrent gout in his big toe for many years before the diag- 
nosis of diabetes was made at the age of 55 years. He was then an in-patient for 
investigation of abdominal pain, probably due to alcoholic pancreatitis. The 
diabetes may have been related to this condition, but he was overweight, and 
his mother had diabetes. His diabetes was well controlled by diet alone. 


2. Mr. A. D. was 59 years old when his diabetes was discovered. He was then 
overweight, and was examined for loss of vision of two years’ duration. The dia- 
betes was mild in that, although his initial blood sugar was 330 mg. per 100 ml. 
and he had a mild ketonuria at the onset, he was treated adequately by diet 
alone. Three years later he sought medical advice for sudden severe pain in the 
carpal and metacarpo-phalangeal joints of the right hand, which was observed 
to be tense, shiny, and red, and associated with pyrexia. He had had a previous 
attack two years before, but had not sought medical advice. This arthritis im- 
proved rapidly with colchicine and salicylates. Gouty tophi were felt in his ears 
and over the olecranon, but the serum uric acid was only 4-3 mg. per 100 ml. 
He knew of no case of gout among his relatives. 


3. Mrs. J. M. D. was found by routine urine examination at 57 years to have 
symptomless diabetes. She was overweight. The diabetes was later controlled 
by diet and small doses of insulin. At 60 years she had acute arthritis of the left 
hand, and was found to have a blood uric-acid level of 6-1 mg. per 100 ml., a 
value just above normal. The arthritis subsided quickly with colchicine. Later 
she had attacks in other joints while in hospital on different occasions for opera- 
tions. Subsequent serum uric-acid values were all below 6-0 mg. per 100 ml. 
She gave no family history of gout. 


4. Mrs. A. T. had pruritus vulvae at the age of 60 years. Mild diabetes was 
discovered, and was controlled by diet alone. On several occasions, at the age of 


70 years, she had acute attacks of red and painful swelling of the metatarso- 
phalangeal joint of the big toe, which subsided in a few days. A clinical diagnosis 
of gout was made, but the serum uric-acid estimations did not show high values, 
although there were radiological changes suggestive of gout. She had no family 
history of gout. 


5. Mr. A. P. J. had acute arthritis of one knee, which was diagnosed as gout, 
at the age of 16 years ; since then he has had recurrent arthritis of the knees, and 
of the metatarso-phalangeal joint of the right big toe. Several attacks were 
precipitated by trauma. These episodes of arthritis were relieved by colchicine 
and salicylates, and are now prevented by probenecid. The serum uric-acid 
values in remission were at the upper limit of normal, for example 5-5 mg. and 
5-7 mg. per 100 ml. He had a strong family history of gout. His diabetes, diag- 
nosed at the age of 43 years, was mild, and controlled by diet alone. 


6. Mrs. P. M. had had an attack of acute arthritis in her knees, diagnosed as 
gout, at the age of 15 years. Subsequently she had recurrent pain in the joints 
of her hands. She had a strong family history of both gout and diabetes, and 
volunteered the statement that her grandfather’s gout improved greatly after 
the onset of his diabetes late in life. At the age of 53 years diabetes was diag- 
nosed ; it was associated with overweight, and was mainly mild, requiring in- 
sulin or tolbutamide for its control only for short periods. 


7. Mrs. C. C. was subject after her mid-thirties to attacks of very severe pain 
in one or other big toe, which became red and shiny. These attacks ceased at 
the age of 59 years with the onset of her diabetes, when the serum uric acid was 
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2-9 mg. per 100 ml. Her father suffered from gout, and her brother, also a dia- 
betic, is subject to attacks of pain in the joints, probably due to gout. Her diabetes 
was mild, and for a long period she was treated by diet alone, but after 10 years 
she required 48 units of ‘lente’ insulin daily. At the time when the diagnosis 
was made she had diabetic retinopathy. When 69 years old she had persistent 
proteinuria and gangrene of both feet, requiring surgical treatment. 


8. Mr. G. F. started at the age of 28 years to have gout affecting the big toes. 
He continued to have such attacks at frequent intervals, often precipitated by 
an alcoholic excess or by local trauma. Two years before the diagnosis of his 
diabetes, at the age of 58 years, the gout became milder, and finally the attacks 
ceased. Both his father and his son suffered from gout. The diabetes was diag- 
nosed when he had cellulitis of the leg; it was associated with overweight, and 
was treated satisfactorily by diet alone. He has since developed diabetic 
retinopathy, and a renal biopsy showed evidence of diabetic renal disease. 


Family History of Gout in Diabetic Subjects 


In this series of 800 patients a family history of gout in blood relations was 
obtained from 17 men and 61 women. In a control group of 200 patients four 
men and six women reported a family history of gout, an incidence of 5 per cent. 
This suggests, even allowing for sampling errors, that a family history of gout is 
obtained more commonly in diabetic patients, a conclusion in agreement with 
the findings of Ishmael (1945). Among patients with a family history of gout 
there was a significantly greater number (x?=6-57, P < 0-05) with the in- 
sulin-deficient type of diabetes than in the series as a whole. There was also a 
family history of diabetes in 35 per cent., essentially the same as the figure of 33 
per cent. for the whole clinic. 


Discussion 


Biochemical aspect. The present study has shown that the serum uric-acid 
levels in diabetic subjects are lower than those in non-diabetics, and that the 
lowest values are seen in those with the severest form of diabetes. There are 
several possible explanations for these lower values: uric-acid production in the 
diabetic may be less than normal ; diabetes may increase the urinary excretion of 
uric acid ; uric acid may be degraded further ; a homoeostatic mechanism may be 
set at a lower level ; or there may be a combination of these factors. The increased 
urinary excretion is the most probable explanation, but it is unlikely that this is 
due solely to the polyuria of diabetes, as suggested by Garrod (1876), because, 
excluding patients with ketosis, stabilization of the diabetes had no effect on the 
serum uric acid. The inverse relation between the serum uric acid and the sever- 
ity of the diabetes, thought to be due to increased urinary excretion of the uric 
acid, may well be related to excessive adrenocortical activity, which is considered 
by many to accompany severe diabetes, although this belief has not been ade- 
quately confirmed (Rifkin, Solomon, and Lieberman, 1958). This view is 
supported by the observations of Conn and his associates (1948, 1949). Investiga- 
tions with radioactive isotopes and uric-acid clearance studies are necessary to 
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establish the mechanism by which the serum uric acid is lowered in diabetes. 
The relatively higher levels of serum uric acid in the mild diabetics might be 
related to their constitutional build. Lister, Nash, and Ledingham (1951) and 
Lister and Tanner (1955) showed that the type of diabetes was related to the 
somatotype of the patients, the insulin-deficient being usually ectomorphic, and 
those with mild diabetes endomorphic, while Gertler, Garn, and Levine (1951) re- 
ported that the serum uric-acid level in endomorphic subjects, both healthy and 
with coronary artery disease, was higher than in the corresponding ectomorphic 
subjects. It is possible that a similar relation exists in diabetic patients. Further, 
the different values of the serum uric acid in the various forms of diabetes 
may be related to haemoglobin levels. Clinical observation suggests that over- 
weight diabetic patients are often plethoric and mildly polycythaemic. As in- 
creased serum uric acid is not uncommon in polycythaemia vera (Tinney, Polley, 
Hall, and Griffin, 1945) and in secondary polycythaemia (Talbott, 1959), mild 
polycythaemia might be responsible for the relative increase of serum uric acid 
in the overweight diabetic. This problem is at present being investigated. 

The experimental studies of Griffiths (1948, 1950) and Martinez (1950) are 
apparently contradictory. The association of higher levels of uric acid with the 
mild forms of diabetes, and the rarity of severe diabetes in patients with gout, 
support the theory that increased serum uric acid ameliorates diabetes (Martinez, 
1950; Weiss, Segaloff, and Moore, 1957). Similarly, the increase of serum uric 
acid seen in renal failure might be responsible for the diminished requirement of 
insulin which sometimes follows the development of diabetic renal disease. It is 
of interest that a high threshold for glucose is seen in such patients, and also in 
those with a raised serum uric-acid level due to gout (Violle, 1937). In acute 
gout the threshold for glucose falls with the lowering of the serum uric-acid level 
by treatment (Balmus, 1946). The high frequency of abnormal carbohydrate 
tolerance in patients with gout was regarded by Weiss, Segaloff, and Moore 
(1957) as evidence of the amelioration of diabetes by increase of serum uric acid. 
It seems improbable, however, that so many gouty subjects were destined to 
develop clinical diabetes but for the supervention of gout. An alternative ex- 
planation, considered by Weiss, Segaloff, and Moore, supported by Herman 
(1958), and consistent with the experimental work of Griffiths (1948, 1950), is 
that the increased serum uric acid in gouty subjects plays some part in the 
pathogenesis of the impaired carbohydrate tolerance. The low values seen in 
diabetic patients can be reconciled with such a theory only if one assumes also 
a lowering of the serum uric-acid level after the onset of the diabetes. 

Further evidence as to the possible diabetogenic action of uric acid might 
be obtained from the study of the carbohydrate tolerance in patients with a 
high serum uric-acid level from causes other than gout, such as renal impair- 
ment and certain blood diseases. In a study of glucose-tolerance tests in 
uraemia, Perkoff, Thomas, Newton, Sellman, and Tyler (1958) found an impair- 
ment of tolerance, corresponding approximately with the increase of blood urea, 
and thought that it was due to some substance retained in the blood. Although 
Joslin, Root, White, and Marble (1952) believed that leukaemia is rare in 
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diabetic patients, it is noteworthy that, of their 18 cases, the leukaemia preceded 
the diabetes in two, and in a further three the two diseases appeared to start at 
the same time. Fischer and Cohen (1951) also described a man who simultane- 
ously had Kaposi’s sarcoma, leukaemia, and diabetes. Examination of the 
records of the 84 patients with leukaemia attending the Royal Free Hospital 
during the period of 1951 to 1958 revealed five with diabetes, the diseases in two 
cases being diagnosed at the same time. Paul, Best, and Limarzi (1951) reported 
10 cases of diabetes among 805 patients with leukaemia ; Glicksman and Rawson 
(1956) found an incidence of abnormal carbohydrate tolerance in leukaemia of 
38-5 per cent., a frequency comparable with that found in all forms of cancer. 
From this it appears that the often present, but necessarily short-lived, increase 
of serum uric acid in leukaemia is not a potent diabetogenic agent. 

Clinical aspects. It is recognized that gout consists of two component but 
often disassociated parts, a recurrent acute arthritis and a chronic defect in purine 
metabolism manifested by a high level of uric acid in the serum. Its diagnosis, 
however, rests essentially on its clinical picture (Sydenham; Talbott, 1949; 
Cohen, 1955; Mason, 1956). In particular, the sudden onset of the attacks of 
arthritis often follows operative procedures, trauma, strenuous exercise, dis- 
continuance of steroid therapy, or dietary indiscretion (de Séze, Ryckewaert, 
Levernieux, and Marteau, 1958), while relief is rapid on treatment with colchi- 
cine, and the patients usually feel well between attacks. Tophi are usually an 
index of long-standing untreated gout, probably of more than five years’ dura- 
tion. A high serum uric-acid level is found usually at some stage of gout, but is 
not necessary for the diagnosis, while increased serum uric acid in a patient with 
arthritis is not by itself diagnostic of gout, since it is not infrequent in cases of 
rheumatoid arthritis. Thus, in a survey of over 700 patients seen in a hospital 
mainly for rheumatic complaints, a high serum uric-acid level was found in 225 
patients, of whom more than half did not have gout (Goldthwait, Butler, and 
Stillman, 1958). 

The syndrome of glycosuric arthropathy in the present series was in- 
distinguishable from gout in its clinical pattern and its response to therapy, but 
the level of serum uric acid was rarely high. Half of the patients were women, 
contrasting with the male predominance of about 90 per cent. in ordinary gout. 
In one patient (Mrs. P. M.) gout started at the age of 15 years, and an onset 
at such an early age in a woman has been known since the time of Hippocrates 
to be very uncommon. The gout in the patients of this series was clinically 
mild. Only one showed evidence of the urate deposits of chronic tophaceous 
gout; the others had monarthritic or polyarthritic disease, with complete 
remissions between attacks. The majority of their attacks were short-lived, and 
separated by long intervals of freedom. Patients Nos. 7 and 8 illustrate the 
fact that the onset of diabetes in a gouty subject is often followed by con- 
siderable improvement of the gout. The present series confirms the general 
view that the gout of the diabetic is milder, and the opinion of some physi- 
cians of the nineteenth century that, when gout and diabetes occur in the 
same patient, the gout usually comes first. The probable explanation of these 
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facts is the lowering of the serum uric-acid level by diabetes, although other 
metabolic changes in diabetes, or its dietary treatment, may also play a part. 

Although a normal level of serum uric acid may be found in an attack of gout, 
the possibility arises that the patients we have reported had a specific form of 
arthritis clinically resembling gout, but without its biochemical features. Half 
the patients, however, had a family history of gout, and hence probably had 
gout modified by diabetes. This failure to obtain biochemical confirmation of 
gout adds to the difficulty of diagnosis of joint disorders in diabetic patients, 
and stresses the importance of the clinical picture. In addition, the improve- 
ment of gout and the decrease of serum uric acid with the onset of diabetes im- 
ply that the diagnosis may have to be made retrospectively. Although the 
diabetes in our eight patients with gout was mild, in that only two had small 
doses of insulin for short periods, vascular complications have still occurred in 
those who had long-standing diabetes. 

The prevalence of gout in the general population is low, and probably varies 
from country to country. In a recent survey by general practitioners in Great 
Britain, based on patient consulting rates (Logan and Cushion, 1958), it was 1-2 
per thousand for men, 0-4 per thousand for women, and 0-8 for both sexes. For 
persons between the ages of 45 and 64 the prevalence was 1-5 per thousand, and 
for those over 65 1-9 per thousand, the figures being more than three times as high 
for men in both groups. In a general practice comprising 5,000 patients in Kent 
there were four known cases of gout (Fry, 1958). In the present control survey 
there were two patients with gout among 200 admitted to hospital for diseases 
other than gout, but the incidence of 1 per cent. in this small sample is probably 
higher than in general. In America the estimated incidence is 0-2 per cent. 
(Stetten, 1959). These figures are less than the eight per thousand in the present 
series of diabetic patients. When it is remembered that the ratio of tophaceous 
to all forms of gout in this series is almost certainly lower than in general, the 
prevalence of tophaceous gout among these diabetic subjects (one per thousand) 
is almost certainly no higher than for the general population. Although the 
syndrome of recurrent painful gouty arthritis occurred far less often in the 
present survey than did osteoarthritis, it existed about half as frequently as 
rheumatoid arthritis, and more commonly than Charcot’s arthropathy. 


We should like to thank Dr. Una Ledingham for her help and encouragement, 
and for permission to study patients under her care; Dr. Denis Baron for his 
advice; Dr. H. A. B. Simons, Reader in Physics, Royal Free Hospital Medical 
School, for help with statistics ; and Miss M. E. Beacock, Librarian at the Royal 
Free Hospital, for her help with the references. One of us (A. G. B.) gratefully ack- 
nowledges a generous financial grant from Ames Company for part of this work. 


Summary 
1. The serum uric-acid levels in a group of 800 patients with diabetes were 


lower than the reported figures for non-diabetic subjects. The levels in men 
were higher than in women. 
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2. The levels in women increased significantly with age, whereas those for 
men did not. The lowest values in both sexes were seen in the severe and ketosis- 
prone type of diabetes, and the highest in patients who were overweight and 
treated by diet alone. 

3. Patients with a family history of gout did not have the higher values 
normally found in non-diabetic relatives of gouty patients. 

4. A gouty arthritis occurred in eight patients, but was not associated with 
the high levels of serum uric acid normally seen in gout. In these patients the 
gout was mild, as was their diabetes, although they did not escape the vascular 
complications of diabetes. 

5. It is concluded that diabetes increases the excretion of uric acid by a 
mechanism as yet unknown. Uric acid is considered to have a mild diabetogenic 
action. 

6. A family history of gout is present more frequently in patients with dia- 
betes than in normal subjects. It is possible that a gene linkage exists between 
the two diseases. 
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EMBOLIC OCCLUSION OF THE AORTA IN PATIENTS 
WITH MITRAL STENOSIS?! 


By A. E. A. READ, K. P. BALL, AND C. G. ROB 


(From Central Middlesex and St. Mary’s Hospitals, London) 


With Plates 36 and 37 


EMBOLIC occlusion of the aortic bifurcation is a serious and often fatal complica- 
tion of rheumatic heart disease. Haimovici (1950) found that the aorta was the 
site of impaction in 9 per cent. of 330 cases of arterial emboli. A review of the 
embolic complications of 430 cases of mitral stenosis by Belcher and Somerville 
(1955) showed that 7 per cent. had lodged at the aortic bifurcation. Since such 
patients have limited cardiac reserve, and often develop further emboli, both 
the immediate and the late prognosis have in the past been very poor. In recent 
years a number of patients have undergone successful embolectomy and, as a 
result, many hold that immediate operation alone can save the patient with 
a saddle embolism. Others, on the other hand, have recorded spontaneous 
recovery from aortic embolism. We present below 22 examples of aortic embolic 
obstruction in patients with mitral stenosis. It is shown that the clinical 
picture varies widely ; some cases come to notice as acute emergencies, whereas 
the onset in others may pass unnoticed. The factors underlying this variation 
are discussed. The conclusion is reached that there is a definite place for 
conservative treatment. 


Pathology 

The degree of obstruction to the circulation resulting from an arterial embolism 
in any situation may depend on (1) the completeness of the plugging of the 
lumen ; (2) migration of the embolus down the arterial tree ; (3) the amount of 
secondary thrombosis which occurs both around and distal to the embolus; 
(4) the presence of arterial spasm; and (5) the effectiveness of the collateral 
circulation. 

1. The plugging effect of the embolus. It is reasonable to believe that in the 
most severe cases the lower part of the abdominal aorta, with its branches, is so 
completely and suddenly filled by a large embolus that the resultant ischaemia 
is profound and gangrene of the legs is inevitable. It is thought that lesser 
degrees of obstruction may result from smaller emboli, which at first only 
partially obstruct the main channel, and which do not occlude the collateral 

1 Received August 15, 1959. 
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circulation. In such cases there may be no loss of tissue, even though inter- 
mittent claudication develops. 

2. Migration of the embolus. Improvement in the circulation may follow the 
migration of an embolus farther down the arterial tree. Daley (1943) observed 
this in a patient with saddle embolism who was treated with spinal anaesthesia. 
In our own Case 8 the symptoms improved when the embolus moved from the 
aorta into the right femoral artery. Cases have been described in which the 
acute symptoms of embolic occlusion have passed off within a few hours, with 
complete return of all pulses. These have been termed cases of pseudo-embolism. 
Such rapid improvement has been attributed to the release of arterial spasm, 
but the migration of the embolus may be the correct explanation. Pickering 
(1951) described such a case, in which the improvement, with return of pulses, 
followed the shift of the embolus into the deep femoral artery. 

3. Secondary thrombosis. The arterial obstruction may be further increased by 
the development of secondary thrombosis distal to and around the embolus. 
Reynolds and Jirka (1944) found that a ‘tail’ thrombus often developed beyond 
the embolus and was likely to interfere with the collateral circulation. Jacobs 
(1958), however, found, in post-mortem dissection of 64 limbs with arterial 
emboli, that gangrene had not occurred more often in limbs with much second- 
ary thrombosis than in those in which little had occurred. It is possible that 
secondary thrombosis may be the cause of the insidious onset of symptoms in 
some cases of aortic occlusion. A small embolus may lodge at the bifurcation 
without causing significant obstruction. Further thrombosis may then steadily 
and completely occlude the aorta, by which time the collateral circulation has 


had time to develop. Such a sequence of events probably occurred in one of our 
patients : 


Case 21. A woman of 57 years, with mitral stenosis, had suddenly developed 
pains in both calves three years earlier. The pain had lasted three hours, and 
she had rested in bed for one day. Ever since that time she had had pain in her 
legs and buttocks on walking 100 yards. She died from a cerebral haemorrhage 
two months after an embolic stroke while under treatment with anticoagulants. 
The aorta (Plate 36, Fig. 1) showed complete thrombotic occlusion below the 
level of the renal arteries. The left renal and superior and inferior mesenteric 
arteries were completely occluded with organized thrombus. The blood-supply 
to the intestines must have been wholly through the enlarged coeliac axis, and 
to the legs through the lumbar arteries. 


A parallel condition was found at the pulmonary bifurcation by Ball, Goodwin, 
and Harrison (1956). They considered that an embolus had been the origin of 
the thrombotic occlusion of the main pulmonary arteries in the majority of the 
23 cases which they described. 

4. Arterial spasm. The role of arterial spasm in arterial embolism has long 
been a cause of argument. Learmonth (1948) considered that spasm modified 
the clinical picture following embolic impaction. Spasm in the vessels distal to 
the embolus was seen by Madden (1951) during operation. It was not relieved 
by periarterial injection of procaine, but disappeared after removal of the 
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embolus. Burton (1952), however, has shown that arteries have a critical 
closing pressure below which the vessel wall collapses, a state which could be 
easily confused with spasm. Sheppard (1950) showed that the calf blood-flow 
almost ceased after femoral arterial occlusion in the normal subject, but that it 
had returned to its previous level within a few minutes as a result of the collateral 
circulation. Pickering (1951) considered that severe localized contraction of an 
artery, vascular spasm, rarely occurred. A possible explanation of the clinical 
features of pseudo-embolism of the abdominal aorta may be the occlusion of the 
middle sacral artery by a small embolus, associated with aortic or iliac spasm 
producing symptoms and signs of complete aortic occlusion, which pass off 
with relief of the spasm. It is felt that the evidence for active spasm occurring 
in arterial embolism is inadequate, although improvement of the collateral 
circulation may occur through the release of sympathetic tone. 

5. The collateral circulation. It is probable that the degree of leg ischaemia 
mainly depends on the effectiveness of the collateral circulation. It is surprising 
how rapidly the legs can recover in many cases after a sudden aortic occlusion. 
Some of our patients developed only minor symptoms, showing how rapidly the 
anastomoses can be brought into function. The collateral channels have been 
described in detail by Lindstrém (1950) and Burt, Learmonth, and Richards 
(1952) and will not be detailed here. Figs. 2 and 3 (Plate 37) show the extent 
of these channels in two of our patients. 

The interplay of all these factors is probably the cause of the variety of the 
clinical picture following embolic obstruction of the aorta. From a study of our 
22 cases, and a consideration of the above factors, we have attempted to classify 


the patients according to their mode of presentation. 


I. Acute or catastrophic cases, in which there is almost complete arrest of the 
circulation to the legs. 
Il. Subacute or insidious cases, in which the circulation is incompletely 
arrested, and the viability of the limbs is not immediately threatened. 
. Transitory or pseudo-embolic cases, in which the clinical features of aortic 
obstruction are present initially, but recovery occurs rapidly, with return 
of pulses, and permanent ischaemic damage is not seen. The term ‘trans- 
itory aortic obstruction’ is preferred to ‘pseudo-embolism’, which seems 
inaccurate, since an actual embolism is almost certainly the cause of the 
clinical picture, 


Present Series 


We record 22 patients with mitral stenosis complicated by aortic obstruction, 
who, with two exceptions, have been seen personally by us (Table I). Eighteen 
were women, and the ages ranged from 36 to 54 years at the time of the embolism. 
All had auricular fibrillation, although in one patient it was paroxysmal. 
Seven were in bed in hospital at the time of the embolism, and four were ill in 
bed at home. Three patients were in congestive failure, and at least eight had 
had previous systemic emboli. 
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I. Acute or catastrophic occlusion. There were nine patients in this group, of 
whom three survived. In general the clinical picture followed the classical 
description, with severe pain in the back and abdomen, numbness and weakness 
of the legs, and marked constitutional upset. In one patient a mitral valvotomy 
six days earlier was a clear precipitating factor, and in three others aortic 
occlusion followed a period of illness in bed. Aortic embolectomy was performed 
in six patients, of whom five died, although the immediate result had been good 
in three with return of leg pulses. Femoral embolectomy was performed twice. 
In one patient (Case 8) the initial features of aortic obstruction were modified 
one hour later, suggesting the migration of the embolus to the femoral artery, 
and this was confirmed at operation. In the other (Case 1) bilateral femoral 
embolectomy failed to improve the circulation, and amputation of both legs was 
later performed. Further embolism was the cause of death in five of the six 
fatal cases. 


Illustrative case history. Case 3. A hospital ward sister of 43 years suddenly 
lost the use of her legs while on duty. She had severe pains, and required large 
doses of pethidine, although the pains later disappeared as anaesthesia developed. 
A successful aortic embolectomy was performed after 12 hours, with return of 
all pulses, but she died three days later from a mesenteric embolism. 


Of the six patients who died, two developed gangrene in both legs, and two 
had leg amputations (one bilateral). The three survivors all retain a good 
peripheral circulation. One had a femoral embolectomy at two hours, one had 
an aortic embolectomy at five hours, and one survived with conservative 
treatment and is of particular interest: 


Case 2. A woman of 36 years, with increasing dyspnoea, had signs of a tight 
mitral stenosis with auricular fibrillation. Mitral valvotomy was performed by 
Mr. K. 8. Mullard on 15.10.52. A good split of the valve was obtained after 
clot had been removed from the left auricle. She did well until the sixth day 
after operation, when she complained of severe pain in the lower abdomen and 
buttocks, with numbness and uselessness of the legs. Her legs were pale, cold, 
and completely pulseless, and a diagnosis of aortic saddle embolism was made. 
Conservative treatment was given from the onset, with anticoagulants and 
intravenous tolazoline. Twenty-four hours later there was some return of 
colour to the legs, and by the next day both femoral pulses were palpable. On 
the following day all arterial pulses could be felt in both legs, and she was later 
discharged from hospital, walking and with no evidence of ischaemia. Four 
years later she is well, with normal legs. 


II. Subacute, or insidious, occlusion. There were 12 patients in this group. As 
a rule no severe pain occurred, and in five the onset was gradual, with coldness 
of the legs and the development of intermittent claudication. Where pain 
occurred it was much less severe than in the acute form. In one patient no 
history of the onset could be obtained. She had no claudication, possibly 
because her walking was limited by an embolic hemiplegia. The insidious onset 
of many cases is emphasized by the fact that in only three patients were the 
symptoms severe enough to jead to an immediate diagnosis of aortic obstruction. 
In nine cases the diagnosis was made only in retrospect, several months, and 
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in the longest case three years, after the onset of the symptoms. In three of 
these cases a diagnosis of more peripheral leg embolism had originally been 
made. A sudden onset of intermittent claudication was the first symptom in 
four patients. In only two patients did the diagnosis of aortic obstruction rest 
on clinical grounds alone. Confirmation was obtained by aortography in eight 
cases, and in two cases by necropsy. 


Illustrative cases. Case 10. A woman of 46 years, with known mitral stenosis, 
was admitted to hospital in 1951 for blood transfusion prior to radiotherapy for 
menorrhagia. During the transfusion she collapsed, complained of colicky 
abdominal pain, and was noticed to be shivering and drowsy. She recovered, 
but on leaving hospital noticed that the right leg was colder than the left, and 
that she had pain in the right buttock and calf on exertion. There was a past 
history of two episodes of embolism in her arms. 

When seen the following year she had signs of mitral stenosis and aortic 
incompetence, with auricular fibrillation. Both femoral pulses were absent, and 
there was muscular wasting of both legs. In view of the increasing dyspnoea 
and multiple emboli, mitral valvotomy was carried out by Mr. Robert Laird. 
Partial splitting of a fibrous valve was obtained. Although her dyspnoea has 
improved, seven years later she is still troubled by intermittent claudication 
after walking 200 yards. She still receives prolonged anticoagulant treatment. 
An aortogram (Plate 37, Fig. 3) shows complete obstruction at the level of the 
second lumbar vertebra. There is no filling of either common iliac artery, but 
the inferior mesenteric and lumbar arteries provide a collateral circulation, more 
marked on the left side. 


Case 19. A woman of 43 years was admitted to hospital for treatment of 
mitral stenosis and auricular fibrillation. Three days after her discharge she 
went by train from London to Hastings. On alighting, her legs felt weak and 
cold, and on walking a few yards she developed pain in both legs and across the 
lower abdomen and back, relieved only by resting. She slowly improved, and 
two months later returned to hospital, where signs of an embolus at the aortic 
bifurcation were found. Shortly afterwards she was seen with a view to mitral 
valvotomy, and this operation was performed by Mr. Laird four months after 
the embolism. On discharge she could walk 200 yards before getting pain in her 
legs. She died after another four months. 


III. Transient or pseudo-embolic occlusion. In one patient the signs of aortic 
occlusion disappeared within a few hours: 


Case 22. A woman of 45 years was admitted to hospital with a history of 
dyspnoea on exertion for three years. Five hours earlier, on getting out of bed, 
she had noticed coldness and numbness in both feet, worse on the right. One 
hour later she was unable to stand without assistance. On examination her 
general condition was good. Auricular fibrillation (rate 112 per minute) was 
present, and there were signs of mitral stenosis. Both lower limbs were cold, and 
no arterial pulses could be felt. There was marked weakness of the legs, and 
some peripheral sensory loss. A diagnosis of aortic saddle embolus was made, 
and a preliminary period of conservative therapy advised. This included anti- 
coagulants, analgesics, and exposure of the legs. Within an hour of admission 
sensation began to return to the feet, and filling of the superficial veins improved. 
Over the course of the next few days all pulses in the legs returned, and symptoms 
disappeared. After three weeks of anticoagulant therapy the patient was dis- 
charged, walking well and with normal sensation in her legs. 
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An aortogram was performed two months after the embolic incident, and 
showed no abnormality in the distal aorta or limb vessels, apart from slight 
narrowing at the origin of the common iliac arteries on both sides, which may 
have indicated the site of an occluding embolus. No further treatment was 
given. The patient died suddenly 18 months later. 


In this patient the coldness and weakness of the legs, with absent femoral 
pulses, indicated aortic occlusion, and embolectomy was considered. The rapid 
improvement in her symptoms showed that surgical treatment would not have 
been justified. Presumably a small embolus caused transient aortic obstruction, 
and it later shifted into the legs. Arteriography, however, failed to show any 
peripheral obstruction. 


Di 


Symptoms. Most of the recorded cases of embolism of the aortic bifurcation 
have been of the acute or catastrophic type. Such cases can hardly escape 
recognition, since the symptoms are severe, and the prognosis is grave, whatever 
the treatment. It is not fully recognized that aortic embolism may present no 
such acute symptoms, and in our series more than half of the patients lacked 
them. In our ‘subacute’ group most of the cases were diagnosed in retrospect, 
the symptoms not being severe enough to make the patient seek immediate 
medical attention. It is worth considering why the aorta can be obstructed 
without the onset of severe and acute symptoms. First, embolism may occur 
during or shortly after an operation. Post-operative coldness of the legs was the 
first sign of an aortic embolism after mitral valvotomy (Bloomberg, Blumberg, 
and Haimovici, 1952), while drowsiness and apprehension, without local 
symptoms, were noted by Madoff, Thompson, and Streider (1954) after the 
same operation. Secondly, it may be that bed rest alone modifies the symptoms 
of aortic obstruction. It is reasonable that fewer symptoms should occur when 
an embolism takes place during rest than when it occurs during active exercise. 
Eleven of our 22 patients were confined to bed from illness at the time of the 
embolism, but there were not significantly more in the ‘subacute’ group (seven 
out of 12) than in the ‘acute’ group (four out of nine). It cannot be concluded, 
therefore, that the milder symptoms of the subacute group were due simply to 
the onset at rest. The less severe symptoms in this group would then seem to be 
due largely to the initially incomplete obstruction caused by smaller emboli, 
and to the greater speed of development of the collateral circulation. These 
factors have already been discussed. 

Diagnosis. The diagnosis of aortic embolism is obvious in the acute or 
catastrophic cases, provided that the patient is conscious. In the ‘subacute’ 
group there may be a history of the sudden onset of pain in the lower abdomen, 
buttocks, or legs, with coldness, paraesthesiae, or muscular weakness. An 
abrupt onset of intermittent claudication may be the first symptom. Sometimes, 
however, no history of the onset can be obtained. No leg pulses can usually be 
felt, although weak femoral pulsation may be present soon after the onset if the 
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in the longest case three years, after the onset of the symptoms. In three of 
these cases a diagnosis of more peripheral leg embolism had originally been 
made. A sudden onset of intermittent claudication was the first symptom in 
four patients. In only two patients did the diagnosis of aortic obstruction rest 
on clinical grounds alone. Confirmation was obtained by aortography in eight 
cases, and in two cases by necropsy. 


Illustrative cases. Case 10. A woman of 46 years, with known mitral stenosis, 
was admitted to hospital in 1951 for blood transfusion prior to radiotherapy for 
menorrhagia. During the transfusion she collapsed, complained of colicky 
abdominal pain, and was noticed to be shivering and drowsy. She recovered, 
but on leaving hospital noticed that the right leg was colder than the left, and 
that she had pain in the right buttock and calf on exertion. There was a past 
history of two episodes of embolism in her arms. 

When seen the following year she had signs of mitral stenosis and aortic 
incompetence, with auricular fibrillation. Both femoral pulses were absent, and 
there was muscular wasting of both legs. In view of the increasing dyspnoea 
and multiple emboli, mitral valvotomy was carried out by Mr. Robert Laird. 
Partial splitting of a fibrous valve was obtained. Although her dyspnoea has 
improved, seven years later she is still troubled by intermittent claudication 
after walking 200 yards. She still receives prolonged anticoagulant treatment. 
An aortogram (Plate 37, Fig. 3) shows complete obstruction at the level of the 
second lumbar vertebra. There is no filling of either common iliac artery, but 
the inferior mesenteric and lumbar arteries provide a collateral circulation, more 
marked on the left side. 


Case 19. A woman of 43 years was admitted to hospital for treatment of 
mitral stenosis and auricular fibrillation. Three days after her discharge she 


went by train from London to Hastings. On alighting, her legs felt weak and 
cold, and on walking a few yards she developed pain in both legs and across the 
lower abdomen and back, relieved only by resting. She slowly improved, and 
two months later returned to hospital, where signs of an embolus at the aortic 
bifurcation were found. Shortly afterwards she was seen with a view to mitral 
valvotomy, and this operation was performed by Mr. Laird four months after 
the embolism. On discharge she could walk 200 yards before getting pain in her 
legs. She died after another four months. 


III. Transient or pseudo-embolic occlusion. In one patient the signs of aortic 
occlusion disappeared within a few hours: 


Case 22. A woman of 45 years was admitted to hospital with a history of 
dyspnoea on exertion for three years. Five hours earlier, on getting out of bed, 
she had noticed coldness and numbness in both feet, worse on the right. One 
hour later she was unable to stand without assistance. On examination her 
general condition was good. Auricular fibrillation (rate 112 per minute) was 
present, and there were signs of mitral stenosis. Both lower limbs were cold, and 
no arterial pulses could be felt. There was marked weakness of the legs, and 
some peripheral sensory loss. A diagnosis of aortic saddle embolus was made, 
and a preliminary period of conservative therapy advised. This included anti- 
coagulants, analgesics, and exposure of the legs. Within an hour of admission 
sensation began to return to the feet, and filling of the superficial veins improved. 
Over the course of the next few days all pulses in the legs returned, and symptoms 
disappeared. After three weeks of anticoagulant therapy the patient was dis- 
charged, walking well and with normal sensation in her legs. 
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An aortogram was performed two months after the embolic incident, and 
showed no abnormality in the distal aorta or limb vessels, apart from slight 
narrowing at the origin of the common iliac arteries on both sides, which may 
have indicated the site of an occluding embolus. No further treatment was 
given. The patient died suddenly 18 months later. 
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In this patient the coldness and weakness of the legs, with absent femoral 
pulses, indicated aortic occlusion, and embolectomy was considered. The rapid 
improvement in her symptoms showed that surgical treatment would not have 
been justified. Presumably a small embolus caused transient aortic obstruction, 
and it later shifted into the legs. Arteriography, however, failed to show any 
peripheral obstruction. 
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Symptoms. Most of the recorded cases of embolism of the aortic bifurcation 
have been of the acute or catastrophic type. Such cases can hardly escape 
recognition, since the symptoms are severe, and the prognosis is grave, whatever 
the treatment. It is not fully recognized that aortic embolism may present no 
such acute symptoms, and in our series more than half of the patients lacked 
them. In our ‘subacute’ group most of the cases were diagnosed in retrospect, 
the symptoms not being severe enough to make the patient seek immediate 
medical attention. It is worth considering why the aorta can be obstructed 
without the onset of severe and acute symptoms. First, embolism may occur 
during or shortly after an operation. Post-operative coldness of the legs was the 
first sign of an aortic embolism after mitral valvotomy (Bloomberg, Blumberg, 
and Haimovici, 1952), while drowsiness and apprehension, without local 
symptoms, were noted by Madoff, Thompson, and Streider (1954) after the 
same operation. Secondly, it may be that bed rest alone modifies the symptoms 
of aortic obstruction. It is reasonable that fewer symptoms should occur when 
an embolism takes place during rest than when it occurs during active exercise. 
Eleven of our 22 patients were confined to bed from illness at the time of the 
embolism, but there were not significantly more in the ‘subacute’ group (seven 
out of 12) than in the ‘acute’ group (four out of nine). It cannot be concluded, 
therefore, that the milder symptoms of the subacute group were due simply to 
the onset at rest. The less severe symptoms in this group would then seem to be 
due largely to the initially incomplete obstruction caused by smaller emboli, 
and to the greater speed of development of the collateral circulation. These 
factors have already been discussed. 

Diagnosis. The diagnosis of aortic embolism is obvious in the acute or 
catastrophic cases, provided that the patient is conscious. In the ‘subacute’ 
group there may be a history of the sudden onset of pain in the lower abdomen, 
buttocks, or legs, with coldness, paraesthesiae, or muscular weakness. An 
abrupt onset of intermittent claudication may be the first symptom. Sometimes, 
however, no history of the onset can be obtained. No leg pulses can usually be 
felt, although weak femoral pulsation may be present soon after the onset if the 
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aortic obstruction is incomplete, or later if a good collateral circulation occurs. 
Certain evidence of aortic obstruction can be obtained by aortography. The 
direct translumbar route has certain risks, and occasional fatalities have occurred. 
Since the safer route, retrograde catheterization of the aorta via the femoral 
artery, is not possible in these patients, aortography should be undertaken only 
for certain definite indications. Lodin, Rudstrém, and Térnblom (1955) have 
suggested that immediate direct aortography should be performed after acute 
obstruction, in order to confirm the site of the embolus before removing it. It is 
doubtful whether such a procedure is justified in a severely ill patient. Aorto- 
graphy may be helpful after recovery from the initial symptoms, in order to 
show whether aortic grafting is possible. Although grafting has been considered 
in several of our patients, in only one case were the symptoms severe enough to 
warrant operation, after consideration of the cardiac state. In this case (Case 16) 
the aortic thrombosis was found to be too extensive for a reconstructive opera- 
tion. 

Treatment. It is widely held that immediate embolectomy is the only hope 
for the patient with aortic embolic obstruction. This belief is encouraged by the 
frequent reports of surgical successes and of conservative failures. Jepson (1955) 
recommended embolectomy because ‘it has been well established that the re- 
sults of conservative treatment when emboli occlude the aortic bifurcation are 
very poor’. We believe that the cases so far recorded do not portray the full 
picture, since surgical failures and spontaneous recoveries are less often pub- 
lished. Burt, Learmonth, and Richards (1952) reported eight patients treated 
by embolectomy, of whom four died. Murray (1943) recorded two deaths among 
six patients treated surgically. Albright and Leonard (1950) collected four 
cases of spontaneous recovery, eight of recovery after conservative treatment, 
and 26 recoveries after embolectomy, in 193 cases of aortic embolism published 
during nearly 50 years. They did not mention any surgical failures. Even in 
patients who survive operation without loss of tissue, intermittent claudication 
with absent pulses may occur. Reviewing 34 successful operations, Thiessen 
and Marxen (1952) noted that only three patients had survived for five years, 
and that 15 were dead within a year. 

It follows that, although aortic embolectomy may be a life- and limb-saving 
action, the end-result is often disappointing. Operation would be worth while 
if the results of conservative treatment were even worse. In such a condition, 
however, it is very difficult to compare the value of different types of treatment. 
Cases are few in number; some are rapidly fatal, while in others spontaneous 
recovery takes place. The results reported in patients not undergoing operation 
have certainly not been good. Nevertheless, survival fron a saddle embolism, 
accompanied in some cases by loss of tissue, has been reported on at least 20 
occasions (Herrmann, Willis, McKinley, and Karotkin, 1943 ; Warrenand Linton, 
1948 ; Haimovici, 1950; Flasher and Stephenson, 1952; Milwidsky, Ehrenfeld, 
and de Vries, 1952; Wilkinson, 1952; Dalawell-Walker, 1954). 

The results of surgical treatment in our cases compare unfavourably with those 
of conservative treatment or with those seen after spontaneous recovery 
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(Table II). But, since our cases were collected from several different hospitals, 
some selection may unknowingly have occurred. The ‘subacute’ cases diagnosed 
retrospectively are selected, in so far as the patients had survived, and obviously 
no credit for their recovery can be given to medical treatment. They do show, 
however, that spontaneous recovery from the subacute or insidious type of 
aortic embolic occlusion can occur, and that if such cases are diagnosed at the 
time of presentation the prognosis without operation may be good. 


TaBLeE II 
Results in 22 Cases of Aortic Embolism in Mitral Stenosis 
Recovered with 
conservative Spontaneous 
Type Embolectomy treatment recovery 
Acu e or catastrophic (9) 8 (6 died) 1 


0 
Subacute or insidious 

(12) 0 3 9 

0 


0 
3 


Transitory or pseudo- 


embolic (1) 0 1 1 


Although the poor surgical results are due partly to delay in operation, they 
are due mainly to further embolism. They do not, therefore, reflect the results 
that may be expected after early aortic embolectomy followed by anticoagulant 
treatment. It can be concluded that recovery, with or without leg ischaemia, 
can follow either surgical or medical treatment, and that from the reported 
results it follows that there is no single best method for all cases. What, then, 
should be the management of a patient presenting symptoms of aortic embolic 
occlusion? Treatment of the heart is of first importance, and auricular fibril- 
lation should be controlled. Active medical treatment of the embolism should 
be started, and consists of: 


1. Absolute rest, which is essential in order to reduce the metabolism of the 
ischaemic limb. Repeated doses of morphine or pethidine are given to relieve all 
pain and to aid sleep. 

2. Local protection of the legs from pressure is ensured by laying them on 
soft pillows, with the heels projecting and not touching the mattress. The legs 
are left exposed, either level or slightly dependent. On no account should they 
be elevated. 

3. Reflex heating is used to encourage the collateral circulation. The hands, 
arms, and body are warmly clothed. An electric blanket or cradle is applied to 
the trunk. It is doubtful whether the use of repeated sympathetic block 
justifies the disturbance to the patient, but an indwelling caudal polythene 
catheter with four-hourly injections of 0.5 per cent. xylocaine may be valuable. 

4. Anticoagulants are used to prevent the spread of thrombosis and the 
development of further emboli. Heparin alone is given until a decision about 
operation has been made. 

5. Vasodilator drugs may be tried. We have found alcohol, in the form of 
whisky 7 to 15 ml. four-hourly, to be as effective as the various pharmaceutical 
preparations, in patients with an acute arterial embolus. 
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On such a régime patients with transient obstruction (pseudo-embolism) 
will soon improve, and their leg pulses will return. If after a few hours sensation, 
power, and warmth are returning to the feet, a good result can be foretold. If, 
however, no improvement results, embolectomy should be undertaken without 
delay. The risk of further emboli following successful aortic embolectomy is so 
great that anticoagulant treatment should be given as soon as possible after 
the operation, and should be continued until valvotomy can be performed. 
If operation is not possible, anticoagulant treatment should be maintained 
indefinitely. 

After-treatment. As many authors have shown, in the past the expectation of 
life in patients surviving a saddle embolism has been poor, on account of the 
occurrence of further emboli or the development of heart failure. Much can now 
be done to improve the outlook. It is essential that an aortic embolism, often a 
striking catastrophe in itself, should not distract attention from the underlying 
heart condition. Mitral valvotomy should be undertaken in suitable cases. 
Seven of our patients have undergone this operation. In one patient the aortic 
embolism occurred after valvotomy, and one patient who died had previously 
refused operation. Prolonged anticoagulant treatment should be given where 
the underlying heart condition cannot be corrected. Two of our patients are 
being maintained on this régime, and two others might still be alive had anti- 
coagulants been continued. Onepatient, however, died of a cerebral haemorrhage 
while having anticoagulant treatment after a cerebral embolism (Case 21). In 
patients whose general condition is suitable, and whose claudication is severe, 
arterial grafting should be considered. 

The advances in treatment described above have led to a considerable improve- 
ment in the outlook for such patients. Of the 16 who survived the acute attack, 
nine are known to be alive from six months to seven years later (average three 
and a half years) ; four have since died, after eight months to four years (average 
two and a quarter years); three have not been traced. 


We gratefully acknowledge the help of the following who have referred patients 
to us or have allowed us to include those who had been under their care: Dr. 
R. A. J. Asher, Dr. L. I. M. Castleden, Dr. Vincent Edmunds, Dr. G. H. Jennings, 
Dr. J. W. Litchfield, Dr. P. M. McAllen, Mr. K. S. Mullard, Professor J. 
McMichael, Professor Russell Fraser, and Professor Sheila Sherlock. Dr. M. H. 
Bennett kindly undertook the post-mortem examinations, and supplied the 
aorta of Case 21. We are very grateful to Dr. F. Pygott and Dr. D. Sutton, who 
carried out the aortograms, and to Mrs. I. Prentice, Medical Artist, for the 
diagrams. 


Summary 


1. Twenty-two patients with saddle embolism of the aorta and mitral 
stenosis are reported. 
2. There was a wide variation of the presenting symptoms, and on clinical 
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Fic. 1. Aorta in case 21. There is complete thrombotic occlusion below the 
level of the renal arteries. The left renal and both mesenteric arteries are com- 
pletely occluded 
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2. Case 11. Aortogram showing complete obstruction at the bifurcation. Collateral blood-supply 
through the inferior mesenteric and lumbar arteries 
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Fic. 3. Case 10. Aortogram showing complete obstruction at the level of the inferior mesenteric artery, 
which gives collateral supply to the left leg. The right leg is supplied through the lumbar arteries (see text) 
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grounds they were divided into three groups: (1) Acute or catastrophic (nine 
cases); (2) Subacute or insidious (12 cases); (3) Transient or pseudo-embolic 
(one case). The possible factors underlying these differing clinical pictures are 
discussed. 

3. It is concluded that the diagnosis of aortic embolic obstruction is often 
missed because the classical acute symptoms do not occur. 

4. Since there is often spontaneous recovery, embolectomy should de under- 
taker only if an adequate circulation fails to return. The majority of patients 
requiring operation will be among those who suffer an acute or catastrophic 
embolism. 

5. The poor results of surgical treatment were due mainly to subsequent 
embolism. More thorough post-operative anticoagulant treatment should im- 
prove the results of embolectomy. 

6. Arterial embolism should be considered an indication for valvotomy. If 
this is not possible, prolonged anticoagulant treatment should be undertaken. 
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